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Foreword 


E lectricity has been compiured to the giant 
^ slave which did the bidding of Aladdin and 
his wonderful lamp. Touch a button and the 
room is flooded with light. A turn of the dial on the 
radio selects music or other entertainment from 
numerous sources; brings to us the vivid description 
of an athletic or public event as it is seen by a spec- 
tator; enables a president to talk to his countrymen 
in a nation-wide hook-up. The sturdy electric motor 
places strength and power behind the skiU of the 
craftsman and multiplies his production many times. 
Power, light, heat, sound, and even vision are trans- 
mitted long distances over wires. And, yet, the ease 
with which we may control this powerful giant — 
Electricity — and make him do our bidding is no more 
fantastic nor fatiguing than was the rubbing of the 
mythical magic lamp. 

Today Electricity has become such an intimate 
part of our life that its benefits are taken as a 
matter of course, even though sometimes its work- 
ings are not fully understood by all of those who re- 
ceive its advantages. The application of electricity, 
however, follows definite laws. There are strict rules 
for its control and as long as these are obeyed it is 
our servant. It is the purpose of these volumes on 
Electrical Engineering to give a simple explanation 
of the practical working requirements which are es- 
sential for an understanding of the principles and 
laws governing the generation and application of 
electrical energy. 

q These books, which have been revised re- 
peatedly to keep them in line with the rapid advance 
of the industry, contain a logical discussion on such 



subjects as Direct-Current Dynamos, Motors, Stor- 
age Batteries, Armature Winding, Design of Small 
Motors, Transformers, Meter Testing, Magneto De- 
sign, Controllers, Power Stations, Welding, and 
Radios. Special attention is given to the informa- 
tion which the operating man must have; the con- 
struction as well as the management of devices, 
instruments, and machines in practical use, and es- 
pecially the treatment of operating troubles. 

4 The information is as scientifically correct as 
any such work could be, and yet the treatment of the 
various subjects is as free as possible from abstruse 
mathematics and unnecessary technical phrasing, 
particular attention being given to the careful ex- 
planation of any involved but necessary formulas. 
Diagrams, curves, and practical examples are given 
whenever it is felt that they may be helpful in ex- 
plaining the subject. Numerous illustrations and 
inserts furnish complete pictorial aid to the texts. 

q Books on Electrical topics, if all gathered in a 
common library, would contain so much duplicate 
material that anyone trying to keep up with elec- 
trical progress would lose a great deal of time. To 
overcome this difficulty, the publishers have gone to 
original sources and secured as writers on the vari- 
ous subjects, men of wide practical experience and 
thorough technical training. Each writer is a recog- 
nized authority on the subject which he covers. The 
contributions of these men have been correlated by 
our Editors into these logical and unified volumes. 
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ELECTRICAL TRANSMISSION 

LINES 


INTRODUCTION 

Basis of Transmission Systems. The existence of extensive 
transmission sj’stems, covering hundreds of miles and involving 
great distances, is commercially justified by the fact that trans- 
mission lines can be erected at a small part of the cost per kilo- 
watt of generating stations. It is therefore more economical to 
locate a large generating station at the point where the supply of 
fuel and water is cheapest or where water j)ower is available, 
thence transmitting the power to the point of consumption, than 
it is to build smaller stations at numerous places. There is a 
further saving in the cost of the generating station because of the 
lower cost per kilowatt of large units and of the buildings and 
equipment which accompany them. 

The transmission lines act as great arteries carrying the flow 
of power to centers of distribution, whence it is delivered to the 
consuming devices, thus supplying the basis of strength to the 
industrial world. 

Line Capacity. The transmission line is fortunately capable of 
great elasticity as regards its capacity to carry power. With 
alternating current the transformer makes available any voltage 
which is desired up to 15(),(X)0 volts or more, and the same wires 
which are capable of carrying KXM) kilo\ratts at 6600 volts with a 
loss of 10 per cent will carry 10,000 kilowatts at 66,000 volts ten 
times as far with the same percentage of loss. 

With copper as a conductor and with the three-phase system 
it should be remembered that when a conductor is loaded to a 
current density of 1 ampere per 1000 circular mils there will be an 
energy loss on the line of about 10 per cent when the length of 
the line is 1 mile per 1000 volts of line pressure. For instance, a 
line of No. 0 wdre operating at 33,000 volts has an energy loss of 
10 per cent at a distance .of 33 miles w'hen the current is 105 
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amperes; No. 0 wire has an area of 105,500 circular mils and a 
resistance of 0.528 ohm per mile. The loss on each wire at 105 
amperes is 

/®/2=105*X0.528=s5820 watts per mile 
or 


I^R 


" 1000 ■ 


576 kw. 


for 83 miles. The energy carried by the line at 105 amperes is 


3X105:^301X1 

i.rsx loix) 


576 

or 60(K) kilowatts, hcnct* the hws is or 9.0 

(hXK) 


j)er cent. 

The preceding calculation assumes the power factor (p.f.) to 
be 100 per cciit. If the power factor were SO per c‘ent, the energy 
loss would be the same, 576 kilowatts, but the load on the line 
would be 0.8X(X)00, or 48(MJ kilowatts, and the loss would be 


480(i’ 


or 12 per cent. 


Hence the rule is modified by the power 


factor, and if the loss is to be limited to 10 per cent, the size of 
copper must be increased or the voltage raised in proportion to 

.. 1(K) 
the ratio . 
p.f. 

Witli aluminum the current density at 10 per «»nt and lOlX) 
volts per mile is about 0.6 ampere jmt KMX) circular mils. 

Characteristics of Alternating-Current Lines. Phases. Trans- 
mission lines are quite universally operated three-phase, three- 
wire (except for small loads), since such lines require but 75 per 
cent as much conductor metal as do single-pli'ise lines. Single- 
phase lines are chea]KT to construct than three-phas.* in case the 
load is so small that the wire chosen to carry the current is of the 
minimum size required for mechanical strength; under these con- 
ditions the cost of one conductor is saved by using a single-phase 
line. Lines are sometimes built single-phase with space reserved 
for a third conductor to be installed when the load shall have 
grown sufficiently to require it. The carrying capacity of the line 
is doubled by the addition of a third wire. 

Frequency. The most common frequency is 60 cycles, but 25 
cycles and certain (aid frequencies are in use. These do not 
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affect the transmission line except in the determination of the line 
drop and the charging current. The frequency is fixed by the 
conditions under which the power is utilized, 60 cycles being used 
for general purposes and 25 cycles for railways and d.c. converters. 
The odd frequencies were established during the early years, 
when practice had not been standardized and their use will grad- 
ually disappear. 

Voltages. Certain voltages have been somewhat standardized 
by American manufacturers for the sake of uniformity. These 
arc taken as multiples of IKX) for the most part, and run 6600, 
11,000, 13,200, 22,000, 26.400, 33,0(X). 44,000, 66,000, 88,000, 
110,(KX), 140,000, etc. The highest voltage employed in anj’’ 
extensive system up to 1919 is 150.(XX) volts. 

In general, the voltage of a line is chosen on the basis of 
about 1000 volts per mile or higher. If the apiount of energy to 
be distributefl is very large or if a 10 i)er c*cnt loss is likely to 
be troublesome in maintaining voltage regulation, a higher voltage 
is often used. 

In a system having several generating stations there arc often 
two or more voltag(‘s, a higher one such as 66, OCX) for trunk-line 
service between stations and main points of use, and a lower one 
such as 13,200 for use in taking care of service in towns, large 
industrial establishments, and the like. This use of a lower volt- 
age permits a much less expensive type of substation equi])ment 
and line construction, so that the total installation involves a 
smaller investment than would be n‘quircd if the entire .s.>'stcm 
were operated at 00, (XXI volts. 

The cost of substation equipment, such as arresters and trans- 
formers, incrt»ases rapidly as the voltage is increased above 40,0(X), 
and if there are a considerable number of receiving stations, the 
extra cost of the substation equipment may be sufficient to offset 
the saving in copjK^r made by the use of the higher voltage. 
Furthermore, there is no saving to be effected by increasing the. 
voltage beyond the point where the size of the c'onductor can- 
not be further reduced for mt'chanical reasons. On the con- 
trary, there may be an increased cost due to the higher cost of 
the insulators and the wider spaciiigs which would be required 
becaust; of the higher voltages. 
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CALCULATION OF LINES 


GENERAL FACTORS 


Energy Loss. The determination of conductor sizes for a 
given loss and pressure regulation for lines at voltages below 
33,000 involves only the resistance and the inductive reactance of 
the line. For longer lines and higher voltages the electrostatic 
capacity of the line is an appreciable factor and must be taken 
into account. With steel conductors and very small loads the 
charging current sometimes amounts to an appreciable part of the 
load current and may cause the overloading of transformers sup- 
plying energy to the line. 

The energy loss in kilowatts witli balanced load on a three- 


3/*R 

phase line is w'here / is ihe current in each wire, and R is 

the resistance of each conductor. If the loiul is unbalanced, the 

I^R 

loss is the sum of the values of taken for each phase separately. 

IIAaI 


The loss on a 20-mile lino carrying 150 amperes per phase and having 


a resistance of 0.049 ohm per 1(K)0 feet is 


3Xir)0*X20x5.28X0.049 
KMK) ^ “ 


or 351 kilowatts. The energy carried by the line at 33,000 volts 

, * r * • :iX 150X33, (XX)X0.8 roc-m-t 

and 80 per tent jjower factor is - — p... — ^ or (j 8()0 kilo- 

J ./»5X HXX/ 


watts. 


I 

Hence the los.s is or 5.1 jxt cent. 

OoOU 


Economic Size of Conductor. In selecting the si/«: of copper 
for a line it is usual to assume an allowable percentage of loss, 
such as 10 per cent at the time of full load. This, however, 
ignores certain ehnnents of cost which requii'c consideration in 
some cases.' The annual cost of o^ienitirig a line is made up of 
the following factors: fixed charges on line investment a; fi.\ed 
charges on generating capacity required to supply line losses b; 
and the cost of the energy dissipated by PR loss in the lines c. 
Each of these factors may be expressed in terms of R, the resist- 
ance per mile of conductor in the line, since they all vary as R is 
increased or .decreased. 
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It can be shown that the s um of these three elements is a 
m inimum when IR equals in which a, b, and c are constants 


the value of which may be determined for any given set of condi- 
tions, a being proportional to the fixed charges on the conductor, 
h to the fixed charges on the generating equipment, and c to the 
cost of energy lost per annum on the line. 

For bare copper the weight W multiplied by the resistance R 
per mile is 

WR—S75.S and the weight per conductor mile is 


Ti7_ 875.8 
R * 


With copper at 25 cents per pound the cost per conductor mile is 
025 h/- 0-25X875.8 _.S21S.9 


Assuming interest at 6 per cent and insurance and taxes at 2 per 
cent, the fixed charges on the conductor are 


a 0.08X218.9 17.5 
mile. 

0 = 17.5 


The generating .station capacity, iran.'^iurmcr capuL’iL^, — , 

required to supply the line loss is kilowatts. If the cost per 

1U(K) 


kilowatt of capacity i.s $90, and interest, taxes, and depreciation 
are taken at 12.5 ]x>r cent, the fixed charges are 


W*rt=*--— -=().0] 125 1*R 
10(K) 

-0.01 125 


The cost of the energy loss varies both wdth the load factor 
of the line and the unit cost of production. If the load factor is 
30 to 40 per cent, the annual loss usually amounts to about 25 
per cent of the loss at the time of full load, multiplied by 8760 


hours. The energy loss is 


0.25X8760 /*R 


1000 


— kilowatt hours per annum. 


Taking the cost of energy at 0.6 cent per kilowatt hour, the cost 
of the loss is 
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C/*R=0.006 X0.25X8.76 /*R=0.01314 7*R 
c=0.01314 


For the conditions assumed above 


IR 


fV~_ I 17.5 / 17.5 

yb+c Vo. 01125 + 0.01314 \o .02439 


-V'717-26.7 


If the full-load line current T Ls I(X) ami)eres, the value of the 

26.7 

resistance per mile R is or 0.267 ohm, which is approximately 

J lAJ 

the resistance of No. 0000 conductor, or 0.258 ohm, Table I. 

The fixed charges on the line with No. 0000 are 


The fixed charges on the generating capacity are 

bPR=0.0\ 125X 1002x0.258=S29.a3 
The cost of the energy loss is 

c PR = 0.01 3 1 4 X 1 OO^* X 0.258 = S33.90 


The total annual cost is 67.82+29.03+33.90, or S130.75 per mile. 

If No. 0 conductors are used for this current, the resistance 
per mile is 0.5 188 ohm and the annual co.st for line (‘harges is 


for station charges 


a 

R 


^ 17.5 
' 0.5188 


-=S33.73 


b N{ = 0.0 1 1 25 X KMl^x 0.5 188 = S58.30 


for cost of line loss 


c/*R=0.01314Xl00*X0.5188=.S68.17 

The total annual cost per mile is 33.73+58.30+68.17, or $160.20, 
which is about $30.00 higher than the c*ost for No. 00(X) conductor. 

The most economical size of conductor is thus dctcrmimHl by 
the value of the current at full load I without regard to the 
length of the line. In the case of lines having less than 5 to 7 
per cent loss the saving made in generating capacity cannot 
always be realized since it is represented by the voltage regula- 
tion of the generator rather than by load in the armature. For 
this reason it. is usual in practice to moke the size of the line such 
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that the fixed charges on the comiuctor approximately equal the 
cost of the energy loss. This gives a higher current density and 
reduces the size of the conductor to about 1200 to 1500 circular 
mils per ampere. 

Voltage Regulation. For lines on which the charging current 
is not an appreciable factor, the line drop is dependent on the 
resistance and the inductive reactance of tlie circuit and on the 
power factor of tlie load carried by the line. 

The resistance and the reactanctj of the various sizes of con- 
ductors at GO cycles, with the spacings between conductors com- 
monly found in transmission lines, art* given in Table I. The 
values of inductive reactance in Tabic J arc based on the formula 


Z=5.2.SX0.377 (0.141 log -^+0.0576) 

(I 


in which is the reactance, 1) is the distance between centers of 
conductors, d is the diameter of 
the conductor in inchtvs, and the 
logarithm is to the lAsc 10. The 
values of inductance for the sizes 
larger than No. 0 are for stranded 
conductors; these values are tluisc 
for solid wires less the constant 

0.01 r);j. 

The values for 25 cycles are 



V-7I1 


f A’' 


25 . 
60 


those given in Table I, 


Fie. 1. 


liclatioii of amistance and Inductaiict 
to Uiie Drop 


and for any other frequency they are in the ratio of 


Values for other si)acings between conductors may usually be 
found by interpolation without serious error. 

The drop in voltage on a line is affected both by the size and 
the spacing of the conductors and by the power factor of the lo^ 
carried by the line. In Fig. 1 the voltage delivered at the end of 
the line is represented by OE, whi<*h is iiiailc up of a power com- 
ponent OR and an inductive component ER, Likewise EL rep- 
resents the ohmic drop and LP the inductive component of the 
line impedance. The impressed pressure at the generating end is 
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OP-V(.OR-\-EL)*+(ER+LP)> 


and the line drop is OP—OE. 

At 100 per cent power factor there is no inductive component 
of the load, but MN (LP) is the inductance of the line. The 
line drop is ON —OF, which is less than that at the lower power 


factor represented by 

Otj 


The effect of a low power factor on line 


OR EL 

drop is greatest when the power factor is such that equals 

Oh hF 

FR 

The values of the inductance factor — for various values of power 

Oh 

factor ^ are as follows: 

Oh 


Power factor 
Inductance factor 


.50 (X) 

86.6 80 


70 

71 


7.5 

66 


80 

60 


8.5 

53 


90 

44 


06 

31 


100 

0 


The calculations fur a three-phase line are simplified if they 
are made for a single-phase line carryiiig oncvhalf the load, since 
the size of the conductor rcquiri^d for one-half the load, single- 
phase, under given conditions, is the same as would be required 
for the entire load, three-phase. 


ExamjUes. 1. What size of cuiuliictor is rcijuirtHl to carry 6000 kilowatta 
a distance of 20 miles at 80 per cent ijouer factor, 22,000 volts, 60 cycles 
three-phase, with a loss of 10 per cent? What will be the line drop at full 
load with that size of conductor s])acofl :16 inches apart? 

A three-phase line being equivalent to two single-phase lines carrying 
the same loa<l, the calculation is made for a Hiiigl(>-pbasc line to carry 3000 
kilow’atts, or 3,000,000 watts, under the given conditions. 

In the following cahailations / is the line current, R is the line resistance 
per wire, EL is the resistance eoiniauient of line ilrup, LP is the inductive 
component of line drop, OR is the )K>wer comjionent of the delivered pressure, 
ER is the inductive coinponent of the tlclivcred pressure*, and OP is the 
impressed ]>reasure. 

Using the values given 


3000000 
‘0.8X22000 
2PR 


= 170 amp. 


The energy loss may be expressed and since it is to be 10 per cent 


2PR 

1000 * 


’0.10X3000 »3(K) kw., or ;XXX)00 watts 

„ :kKKKX) ^ 

W = » . " =5.18 ohms 
2X170* 
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For 1 mile 

5.18 

=0.259 ohm 

20 

The n'flistiincp of No, 0000 wire, Table I, in the nearest to the desinxl amount, 
heinK 0.2588 olim. 

At 170 amperes 

^/j=2X 170X0.258 X 20= 1756 volts 

aud ucconhiif' to the value given in Table J for No. (XMM) wire for 3U-ineh 
sparing 

L/" =2X170X0.630 X20 = 4320 volts 

.Vt 22,000 volts 

0/e =0.8X22000 = 17600 volts 
mi =0.6 X 22000 = 1 3200 volts 
or = V(1^)+T76())2 + (132(X)+'1320r* = 26l^ volts. 

• 

Tht‘ lino drop is 20130 -22000, or 4130 volts, which equals 18.80 pi*r cent. 

2. Wliat will be the line loss and voltage drop on a three-phase 60- 
cyeJo line of No, 0 wire liaving .• length of 40 mile.s at a line pressure of 
44,000 volts, with a lo:id of 6000 kdowatts at 90 per rent power factor? 

Am, Lino los8=476 kw. Voltage drop=4880 volts, or 11.1% 

Mershon Diagram. R. D. Mershon devised a diagram, 
Fig. 2, by which line drop may be reatlily calculated on the fon,*- 
goiiig princijiies, the only values required being tho.se for the 
ohmic and the inductive components of line impedance expressed 
as percentages of the line pressure, h'ig. 2 is based on the prin- 
ciples of Fig. 1, the concentric circles being dcscribctl about a 
center (off the page) which corresponds to point 0 in Fig. 1. 
The divisions art" e.\j)ressed tis percentages, thus being applicable 
to any line voltage. The use of Fig. 2 may be illustrated with 
the values in example 1. The resistance component of the No. 
(M)()0 line is I7(i0 volts, which is 8 per lent of the line voltagi; 
of22,(KX); the inductive component is 43(i0 volts, or 19.8 per cent. 

Follow up the 0.8 power factor line of Fig. 2 to the point 
where it meets the 0 circle and then follow to the right 8 divi- 
sions (the resistance component) and thence vertically 19.8 divi- 
sions (the inductive component), where a point is reached whi( h is 
just below the 19 per cent circle. This corresponds to point P in 
Fig. 1, and the drop is 18.8 per cent as found by the calculation. 

Assume the load on the circuit to be at 100 per cent power 
factor; start at the 0 circle on the base line, pass to the right 8 
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divisions and thence verticaUy 19.8 divisions, and the per cent 
drop is found to be about 9.8, or approximately one-half what it 
is at 80 per cent power factor. At 60 per cent power factor it is 
foimd to be about 20.8 per cent. 

With Table I and the Memhon diagram the determination of 
line drops can be accomplished very speedily after a little practice 
and with sufficient accuracy for most practical purposes. 

HIQH-TENSION FACTORS 

Electrostatic Capacity. At the higher voltages and with 
lunger lines the electrostatic capacity of an overhead transmission 
line becomes an appreciable factor in its design and operation. 

The line may take current for charging in such quantity as to 
absorb a part of the generator and transformer capacity and affect 
the voltage regulation. The c'harging current is 90 degrees ahead 
of the power current and thus has a beneheial effect in offsetting 
the inductive component of motor load and improving the power 
factor in many cases. However, the charging current is approxi- 
mately constant while the pressure is maintained on the line and 
does not vary as the load current vari(*s from hour to hour during 
the day. It is tlierefore necessary, in many cases, to keep some 
extra generating capacity in operation during the hours when the 
load is small, and at these times the charging current of the line 
is equal to or greater than the load current. 

At 60 cycles the cliarging current per mile of line at E kilo- 
volts from phase to neutral is found from the formula 

, 6 . 28 ><yFLC/:: 

1 ()»” 

/ being frequency, L being length, and C being capacity in micro- 
farads. At 60 eyries, 1000 feet, and 1000 volts 

7=0.377 CE 

where E is the voltage in kilovolts from phase to neutral. 

The value of the capacity C varies with the size and spacing 
of the conductors. For one mile of line 

0.03883 
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where D is the distance between centers and d is the diameter of 
the conductor. 

Thus for No. 0 wire spaced 120 inches apart, d being 0.325' inch 


C 


0.03883 



0.03883 

2.8H8 


0.01355 m.f. 


The charging current per mile for u line of No. 0 wire at this 
spacing and a voltage of 50,000 from phase to neutral (86,600 
between phases) would be 

7 = 0.377X0.01355X50=0.255 amp. 

If the line were 80 miles in length, the total charging current 
would be 

7 = SO X 0.255 = 20.4 anij). * 


The apparent power required to charge the line would be 3X20.4 
X5(), or !K)60 kilovolt-ampere^s, and the line (‘ould not be kept 
alive by a plant of less than 3(K)0 kilovolt-amperes capacity. 

The charging current is rno.st cf)nvcniently determined by the 
use of a table arrangc'd to avoid the cumbersome calculation of the 
values of line capacity. Table II gives the values of charging 
current i)er mile, i)er 100,(KX) volts, at 60 cycles for three-phase 
lines. The charging current for No. 0 wire at 120-inch spacing is 
0.51 ampere per mile. Hence the charging current for an 80-mile 
line at 86,600 volts (line pressure) is 


._0..51XS6()(K)XS0 

l(K)0(kjxl.73 


20.4 amp. 


which is the value previously determined by calculation. 

Example. What, is the chargiiiK current of n 60-cyclc line of three No. 
0000 conductors 120 miles long, having a spacing of 144 inches between con- 
ductors and a voltage of 110,0007 What kilovolt-ampere capacity will bo 
required to charge the line at no load? 

Am. Current « 40.7 amperes = 7745 kv.-a. 

Effect of Charging Current on Line Drop. The line drop is 
somewhat reduced by the charging current if the power factor 
is raised by it, as is the case when an inductive load is carried by 
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the line. If the line used in the fon'ficoinf^ "discussion carries a 
load of 15,000 kilowatts at 80 per cent power factor lagging, the 
current at the receiver end of the line is 


/ = 


15 (X)0 000X1.73 ,,,, 


This current is made up of a power component of 0.8X125, or 100 
amperes, and an inductive component of 0.6X125, or 75 amperes. 
At the generating end the inductive component is reduced by the 
charging current to 75 —20.4, or 54.() amperes. The effect of 
the charging current on the line is the same as if one-hulf of it 
flowed the full length of the line, and the average value of the 
inductive component is therefore 75—10.2, or 64.8 amperes. 
Hence the average value of the line current is 

I00)2+W-nF= 1 1 0 amperes 
100 

and the average power factor is or SI per cent. The line 

drop may now be found from the Mershon diagram, Fig. 2. 

The nisistunce of cjk'Ii No. 0 w'irc for SO miles is 0.5188 X80, 
or 41.5 ohms, and the rcai-tance is 0.S3X80, or 66.4 ohms, 
Table T. The resistance drop is 41.5X110, or 4940 volts, which 
equals 9.88 jht cent of 50,000 volts. The reactance drop is 
66.4X119, or 7900 volts, which tHpials 15.8 per cent of .50,000 
volts. In the Mershon diagram, .starting at the intersection of 
the 0.84 power factor line with the 0 circle, pass to the right 
9.88 divisions and thence upw'ard 15.8 divisions, and the drop is 
found to be 17 per cent. 

If there wei'c a negligible (diarging current on this line, the 
line currtMit would be 125 amjjcres. The resistance drop would be 
125X41.5, or 5190 volts, which equals 10.4 per cent; and the 
reactance drop wrould be 125 X66.4, or 8300 volts, w'hich equals 
16.5 per cent. Starting at the 0.8 power factor line and the 0 
circle, pass to the right 10.4 divisions and thence vertically 16.5 
divisions, and the drop is found to be 18.2 per cent instead of the 
17 per cent found with the charging current. 

When the line is carrying 40 per cent of its maximum load, 
or 6000 kilowatts, the load current is 0.4X125, or 50 amperes. 
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and it may be assuibed that the load power factor has dropped to 
70.7 per cent. In this case the power and the inductive compo- 
nents of the load are each 50X0.707, or 35.3 amperes. The 
average line current is 

\/35.3*-h (35.3- 10.2)**43.3 amp. 

35 3 

and the average line power factor is or 81.6 per cent. At 20 

4o*t5 


IJer cent load, or 3000 kilowatts, and 70.7 i)er cent power factor 
the line current is 


/= \/l7.6*+(17.6-10.2)**19.2 amp. 


and the line power factor is 


At lower loads the 



line power factor will increase to 100 per cent and then decrease as 
it becomes leading instead of lagging. 

Exdmple. What will be the voltage drop ae found by the use of the 
Mershon diagram on a line of three No. 00 conductors 70 miles in length, 
spaced at 84 inches, when carrying a load of 12,000 kilowatts at 70 per cent 
power factor and at 66,000 volts? What will be the power factor at the 
generator end at full load and at half load? At what load will the power 
factor be 100 per cent, if the power factor of the load is 70 per cent? 

Ana. Drops 18.6 per cent; P.F. full load .76, half 
Ic^ .81; load at 100 per cent 1616 kw. 
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Vector Method of Calculating Long-Lihe Problems. The 
solution of problems in long lines at voltages high enough to 
make the charging current a factor may be reached more accu- 
rately by resolving the currents and voltages into vectors. 

In Fig. 3 Er-Oa is the pressure at the load end of the line; 
the load current is. On; the power component is 0/», or On cos a; 
and the reactive component is mn, or On sin a. 

The charging current of the line is n*presented by Ok, this 
being 180 degrees aliead of the reactive component win. The 
triangle abc represents the voltage drop in the line conductors due 

to the charging current, ab being the resistance drop, or , and be 

I V 

being the inductive drop, or — The triangle ede represents the 

voltage drop in the line due to the power component I cos a of the 
load current, cd being the ohmic drop Hi cos a and de being the 
inductive drop IX cos n in the line wires. The triangle efh repre- 
sents the voltage drop due to the reactive component T sin a of 
the power current, ff b<'ing - IR sin a and Jh being IX sin a. 

Tlie generator pressure netvssary to overcfnne the net result- 
ant of all these components of drop is Oh = l\. 


ExampUis. 1. lu Iho line used in the prm'iliiif; Kretions the voltage ^f, 
S6600 

equals^——, or fiO.OOO volts to neutnii; th« sizts of cuiuluctor is No. 0; the 

l.tO 

separation is 120 inches; the li'iiglh, SO iiiiIck; the load, l.'),UU0 kilowatta at 80 
per cent power factor; Iho frequency, (K) cycles; the curn*nt I at load end, 
15 000 000 ■ 

/= , or 125 amperes; Ihe'n'sistsiiuse per mile, Tabic I, 0.5188 ohm, 

3X0.8X5(K)00’ 1 » - 

or 80 X0.5188, which e<iimls 41.5 ohms for the line; and the reactance per 
mile, Tjiblo I, 0.83 ohm, or 80X0.8:1, which eciuals 66.4 ohms for the line. 
'J’hc charging current per mile per 100,000 volts, Table II, is 0.51 ainpere. 
The charging current at the generator end is 


O.51XS0a50000 

iiioobo' 


for the line. The load current is made uix of a power component I cos a, 
which equals 125X0.8, or 100 am|)eres, and a reactive component I sin a, 
which equals 125X0.6, or 75 am|)cres. The charging current neutralizes 20..4 
amperes of the reactive component, being in opposition to it, leaving a reactive 
component of 75 — 20.4, or 51.6 amperes at the generator end. The current 
at the geiicnitor end is therefore 

/. =V(100)»+(54.6)* = 1 13.9 amp. 


27 



18 


ELECTRICAL TRANSMISSION LINES 


The power factor at the generator is or 0.877. 

Jl lo«n 

In Fig. 3 the pressure at the load Fr^^OOGO is Oa and the current /, 
which equals 125 amperes, is On. The power component / cos a, which 
equals 125X0.8, or 100 amperes, is Om, and the reactive comrsment I sin a, 
which equals 125X0.6, or 75 amperes, is mn. The churging current being 
OA;, the current at the generator is 

Ol=V (Om)*+(mn-Ofc)*“ V (100)*+(76- 20.4? = 113.9 amp. 

The drop due to the charging current is 


and 



20.4X60 4 


” —677 volts 


The drop due to the pow(;r eoiiiponent of the loud current is 


Sind 


cd = JR eoH a = l2.»X0.8X41..'>=41.'i0 volts 
dt‘ = lX eos 0 = 125 >.0.8 X 66.4 = 6640 volts 


The drop due to the reactive coiniionent of the loud eiirri*nt is 

eS=-lR sin a= -125X0.6X41.5= -3112 volts 
and 


fh^IX sin 0=125X0.6X66.4=4080 volts 


The algebraic sum of the components ftc+fd+//i is —677 +4150+4080, or 
8453 volte w'hich is (lin>etly opposed to the iiiipresHed pri'ssure at the load 
end. The sum of the coinixmeiits oft+de+t/ is 422+0040—3112, or 3950 
volts which is at right angles to the pn»siire at the load. 

The impressed pressure required at the generator end is 

5?, =V(50000+8453)*+(3950)* =58.580 volts 

'llic rise in pressure at no load is 5c, or 677 volts, and the drop at full load 
IS 8580 volts. The n'gulation is 8580+G77, or 9257 volts, win. ' equals 18.51 
|N>r cent. This e.uiijpares with 17 per cimt found by the usi; of the Mershon 
diagram. The dilTerenee would be still greater at higher voltages. 

2. Assume a line 120 miles in length at 110,000 volts, 60 cycles, the 
loss to be 10 per cent at a full load of 30,000 kilowatts; the pow'cr factor at 
full load to be 80 per cent; and the scimration of conductors to be 144 inches. 
What pressure is required at the generator end to deliver 110,000 volts at the 
load end at full load; at half load; and at no load? 

iins. Full load 136,350 volts; half load 121,170 volts; no load 116,610 volts 


Corona Loss. At voltages above 55,0fX) with conductors of 
the smaller sizes there is at times a loss of energy through the 
air, which is called corona hiss. It is more pronounced in wet 
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TABLE III 

Disruptive Critical Voltage for Corona Loss 

(At Sea I^vel) 



Site 

Diameter 

(in.) 

Spadnie (feet) 

CM 

A.W.G. 

4 

5 

0 

8 

10 

12 

14 

VoKokc l)Ptwf¥n Phiup Win-e (kilovolte) 


500000 


0.818 





188 

104 

199 


3.50000 


0.679 






161 

166 

170 


mm 


0.620 





151 

156 

161 

Stranded • 

250 000 


0.590 




138 

144 

140 

152 




0000 

0.5.30 



. 

125 

130 

135 

1.38 


• . - 

000 

0.470 




114 

118 

121 

124 


. .. 

(X) 

0.420 


• 

OS 

104 

108 

111 

114 

f 


0 

0.325 



85 

, 80 

92 

95 

07 



1 

0.2S9 


75 

77 

81 

83 

86 

88 

Solid \ 

1 


2 

0.258 


69 

70 

74 

76 

78 

80 

1 


.‘i 1 

0 220 


! 62 

64 

66 

68 

70 

72 

1 

. . .. 1 

4 1 

1 

0.204 1 

.11 

1 

[ 5(i 

1 ^1 

1 .IS 

60 

62 

64 

65 


weather niul at altitudes and (leeiirs at lower voltages with 
the smaller sizes of wirt' than with the larger sizes. The voltage 
at which energy loss begins is called the durv-ptiiie critical voltage, 
and that at which the discharge becomes luminous is called the 
rmial critical witage, the latter being somewhat the higher. The 
loss of energy varies with the frequency, size and spacing of wire, 
barometric pressuR\ and moisture conditions. 

The corona loss in kilowatts per mile of threc-i)hase line is 

y^=o.(K)554/-y/5'jj kw. 

where / is frequency, d is diameter of the conductor, D is spacing 
of conductors, and E is line voltage and E* disruptive critical 
voltage, each in kilovolts. The values of E* are given for various 
sizes of conductor in Table 111. 

Exainjde. With a line uf No. 00 fiibles, mpaced at 12 feet at a line 
voltage of 140, (XX), and a frequency of 60 cycles, what will be the corona loss 
per 100 miles? 

From Table 111 the value of E' is 111 kilovolts, d is 0.42 inch, and D is 
12X12, or 144 inches. 
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P»0.00554X60 



(140-111)>»10.65 kw. per mile 


For 100 miles the corona loss will be 100X10.65, or 1065 kilowatts. This is 
an excessive loss, and it will be necessary to use a larger conductor. An 
aluminum conductor of equivalent resistance may be used, and it will have an 
133000 

area of ' ^ ■ , or 210,000 circular mils, w'hich is about No. 0000. For a No. 
0.62 

0000 cable the diameter, Table III, is 0.53 inch, and the critical voltage is 
135 kilovolts. For this size of cable the loss is therefore 


/>-0.00654xno^J^ 


(140— 135)* =0.355 kw. per mile. 


For 100 miles the loss will be 35.5 kilowatts, wliieh is not an excessive 
amount. 


The example just given illustrates the limitation of the use of 
small conductors at voltages above 100, (MK), and it is sometimes 
necessary to augment the diameter of the conductor by using a 
.steel-core cable or a cubic of copper-edad conductors. In the (‘use 
in point it would have been necessiiry to I'esort to these devices, 
if the line had not needed to be as large as No. (K) copper. 

It will be seen from the formula just used that it is important 
to select a conductor large enough so that its critical voltage is 
not more than 5 to 10 kilovolts btdow the working voltage. If 
the critical voltage for tlie conductor chosen is above the working 
voltage there is no corona loss. 

The critical voltage for altitudes above sea level is obtained 
from the values of Table III by multiplying them by the follow- 
ing correction factors: 


Altitude 

Factor 

Aliitudo 

Factor 

0 

1.00 

.5000 

0.S2 

500 

0.98 

6000 

0.79 

1000 

0.96 

7000 

0.76.5 

1500 . 

0.94 

8000 

0.74 

2000 

0.92 

9000 

0.71 

2500 

0.905 

10000 

0.68 

3000 

0.89 

12000 

0.63 

4000 

0.86 

1-1000 

0..58 


Losses determined from the formula given are fair-weather 
losses. During rain or snow these may be increased to values 
several times the normal amount, and corona loss may take place 
at such times in lines which are normally not subject to it. 
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TABLE IV 

Properties of Stranded Aluminum Cables 



Dare 



Weight 

(lb.) 


Bare 

Rcsiatance at 

68* F. 

(ohnia) 

No. 

A.w.a. 

Diain* 

etor 

Area 
(efr. mib) 








1000 

fn‘t per 




.(mile) 

Pot 

IVr 

Feet. 

Pound 

Per 1000 

Per Mile 



1000 Feet 

Mile 

WpHtlicr- 


Feet 






Proof 





1.15 

1000000 

920.0 

48.58 

1108 

1.087 

0.01695 



1.00 

750000 

690.0 

3645 

1067 

1.15 

0.0220 

0.1193 


0.81 

Kimil 

460.0 

24:i0 

740 

2.64 

0.033 

0.179 


0.73 

400000 

,368.0 

1044 

.507 

2.72 

0.0424 

W TrV 


0.68 

3.50000 

322.0 

1701 

.502 

3.11 

0.0484 


.... 

0.63 

HWTTil 

276.0 

14.58 

436 

3.62 

0.0565 


. 

0.58 

2.50000 

230.0 

1215 

375 

4.35 

0.0678 



0.54 

211600 

195.0 

1028 

280 

5.7.3 

0.08 

0.423 


0.47 

167800 

154.0 

816 

2.32 

6.4S 

0.101 

0.5.33 

00 

0.42 

i:i3100 

122.0 

617 

192 

8.16 

0.127 


0 

0.37 

ia5500 

97.1 

513 

15.5 

103 

0.160 


1 

0.33 

83690 

77.0 

407 

1.32 

13.8 

0.202 


2 

ViliTiH 

66270 


323 

108 

16.1 

0.255 

1..35 

3 

VnCvlS 

.52630 

48.5 

•256 

88 

20.6 

0.322 


4 


41740 

.38.5 

2o:i 

72 

26.0 

0.406 

2.144 


SIZES AND KINDS OF CONDUCTORS 


ALUMINUM CONDUCTORS 


Advantages. In certain cases aluminum has advantages as 
compared with copper whic-h must be considered. The specific 
gravity of aluminum is only 30 per cent of that of copper, and 
for construction in rough country the reduced weight is of mat(^- 
rial assistance in transportation and erection. The conductivity 
of aluminum is alxmt 62 per cent of that of copper, so that a 
part of the saving in weiglit is offset by the increased cross- 
section required to give equivalent conductivity. The net result 
is that for equal resistance the aluminum conductor weighs 


0.30 

0.62’ 


or 48.4 per cent, of the coppcT conductor, thus reducing the 


dead load on poles and towel's quite appreciably. The properties 
of stranded aluminum cables are given in Table IV. 

Physical Characteristics. The tiimpcrature coefficient for the 
resistance of aluminum averages about 0.0021 per degree Fahren- 
heit. The coefficient cf linear expansion is 0.0000128 per degree 
Fahrenheit between 0** and 100°. The tensile strength varies, as 
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does that of copper, with the amount of annealing after it is 
drawn. Hard-drawn aluminum such as is used in making up 
stranded cables has a strength of 23,000 to 27,000 pounds per 
square inch. Annealed aluminum is used only for underground 
cables and the like where flexibility is of more value than tensile 
strength. Under continued stress permanent elongation takes 
place, thus tending to increase the sag somewhat after instal- 
lation. 

The use of aluminum for conductors deix^rids largely on the 
ratio of the cost to the cost of copper. The prices in normal 
times are approximately equivalent when relative conductivities 
and weight are considered. The advantage of aluminum therefore 
lies chiefly in the practical considerations above noted. 

IRON AND STEEL AS CONDUCTORS 

Limitations. Wire and cable of iron or steel may he used 
with economy as conductor material for transmission lines under 
certain conditions. The effective resistance of these materials is, 
however, about ten times that of copper of equal cross-section, 
and there are other limitations which must be considered before a 
decision is made in favor of the use of iron or steel for a.c. trans- 
mission. For instance, iron or steel is subje(;t to corrosion, while 
the life of copper is vciy long when used without insulating cover- 
ing on poles. Iron or steel costs about one-fourth as much as 
copper wire of equal cross-section when copper is 21 cents ptT 
pound; this is equivalent to 2.5 times the cost of copper of equal 
conductivity. 

Iron wire is made in grades known as B B. and K.B.B., and 
steel wire is made in the’ ordinary grarle, Siemens-Martin, and 
extra strength grades. The wire is used in steel wire gage (or 
Birmingham .wire gage) sizes up to No. 4, and in 7-strund or 
19-strand cables of iron or steel in the larger sizes. The cable 
sizes go by fractions of an inch, as in Table V. 

Resistance. The resistance of iron and steel when carrying 
alternating current varies with the current strength, increasing up 
to the point of saturation and then decreasing somewhat at 
higher values of current. It is also dependent on the frequency, 
the increase being greater at 60 cycles than at 25 cycles. 
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TABLE V 

Iron and Steel Cable Data 


Siie 
(in ) 

Size of 
Strands 
(B W.G ) 

Diaiiiptcr of 
Strands 
(in) 

Diametpr of 
Cable 
(in ) 

Area 

(eir. mita) 

} 

m 

o.as:^ 

0.2'19 

43200 

A 

if 13 

oms 

0.2S.5 

63200 

A 

ifl2 

0.109 

0.327 

83200 

1 

#11 

0.120 

0..360 

100800 

i 

#« 

0.165 

0.495 

190600 


The variatinn in the resistance of A-ineh cables of the various 
grades of injn and steel at (H) cycles is shown by the curves in 
Fig. 4. The resistana^ of various sizes of ordinary grade steel 



Fig. 4 Resutanm per Mile of A Iron and Steel Cables 


from t to li inch, 60 cycle.s, is shown by the curves in Fig. 5, and 
the loss in kilowatts at various currents is shown in Fig. 6. The 
energy loss on a A-inch cable is 1 kilowatt at 12.5 amperes and 
5 kilowatts at 26 amperes, increasing five-fold for a two-fold 
increase in current. 
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At 12.5 amperes with ^-inch cable the loss per mile of line 
is 3 kilowatts, and for a 50-mile line it would be 150 kilowatts. 
If the line pressure were 50,000 volts and the power factor 80 per 
cent, the energy component of the line current would be 12.5X0.8, 

or 10 amperes. The load carried would be 

kilowatts, and with a line loss of 150 kilowatts the loss would be 



or 17.3 13<T cent. If the line loss is to be held within 10 per 
Sod 

cent, the pressure will have to be made higher, thus reducing the 
current. The energy loss at 10 per cent being 86 kilowatts, the loss 

86 

per mile per conductor would be - — or 0.57 kilowatts. The cur- 

oXoO 

rent at 0.57 kilowatt loss would be about 9.5 amperes. Fig. 6. The 

12.5 

line pressure would, therefore, have to be -^~X 50000, or 65790 

y.o 

volts for 10 perjcent loss. At higher loads the voltage would have 
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to be two to three times that required for a copper line giving the 
same line loss. 

The preceding calculations lead to the general fact that the 
current density should be about 0.1 ampere per 1000 circular mils 
in steel conductors compart'd with a density of 1 ampere per 1000 
circular mils in copper conductors if the line loss is not to exceed 
10 per cent and the line voltage is 1000 volts per mile. For 
stranded steel conductors of ordinary grade the currents should 



not greatly exceed the following values: i-iiich, 5 amperes; A-inch, 
8 amperes; f-inch, 11 amperes; |-iuch, 20 amperes. 

The resistance of iron wire of the grades know'll as B.B. and 
E.B.B. varies considerably more with current strength than does 
steel wire. On the other hand, with cables of the steel known as 
Siemens-Martin, the variation is much smaller than with iron or 
ordinary grade steel. The initial resistance of B.B. and E.B.B. is 
somewhat lower than that of ordinary steel, while tl^ of Siemens- 
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Martin steel is about 25 per cent higher than that of ordinary 
steel. These relations are evident in the curves of Fig. 4. 

Reactance. The magnetic properties of iron and steel give 
them an internal reactance which varies with the current strength 
as does the n»sistanc(*. This reactance is in addition to the exter- 
nal reac*tnnce due to the separation of polarities, and the two must 
be added in calculating line drop. Internal reactance is most con- 
veniently indicated by curves of the same form as used for resist- 
ance. The reactancii curves of ordinary grade stetd art' shown in 
Fig. 7 for the common sizes of .stranded cables, and the values of 



Fig. 7. Internal Keactamv iwr Milv of Stranded Steel Cabin 


external reactance are given in Table VI. The reactance of a 
;^-inch .steel cable carrying 8 am])cres is 1.1 ohms per mile 
internal, F’ig. 7, and 0.66 ohm per mile external at 60-inch separa- 
tion, Table IV, making a total of 1.76 ohms per mile. From 
Fig. 5 the resistance per mile at 8 amperes is 5.8 ohms. Hence 
the resistance drop of a circuit of A“*nch steel carrying 8 amperes 
is 8X5.8, or 46.4 volts per mile and the inductive drop is 8X1.76, 
or 14.08 volts. These values are of the same order as those of the 
sizes of copper wire near No. 10 A.W.G. 

The production of iron and steel for conductor purposes has 
as yet been ^Jimited, and the composition and heat treatment 
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External Inductive Reactance of Single Conductor Steel Cable 

ffi<) Cvcles per Sorond) 

Spacixo (inches) 
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which will give the best results have not been standardized. The 
values given in the foregoing sections for resistance and internal 
reactance are taken from data derived from tests the results of 
which were published prior to the year *1919. These tests were 
made by the U.S. Bureau of Standards, by manufacturers, and 
by some of the state universities. There is, of course, some varia- 
tion in the data of different observers, largely on account of 
differences in the commercial product tested, and the data here 
given represent a fair average of the values found. 

Charging Current. The permissible current density in steel 
cables being low, the charging current is an appreciable factor 
and may exceed the component of current due to the load in lines 
50 miles or more in length. 

In Table VII arc given the values of charging current per 
mile per 100,0(K) volts (phase to neutral) at 60 cycles. The 
charging current for a line of ]^«-mch cables spaced at 60 inches is 
0.563 ampere per 100,000 volts. At 66, (XK) volts and 50 miles, 
the charging current would be 0,563X50X0.66, or 18.7 amperes. 
If the load current were 10 am|>eres at 80 twr cent power factor 
lagging, the line current at the station end would be 

/ = V(S)*H-(ltS.7— 15 amp. 

8 

with a leading power factor of — or 511.3 per cent. 

Jo 

Thus the step-up transformers would have tQ be of a size to 
take care of about twice the load, and extra generating capacity 
would also be required if there were no other loiul on the station to 
offset the charging current. 'I'his factor must therefu c be taken 
fully into account in choo.sing the type of conductor. 

Example. A town having n pr thablc load of UX) kilowatts at 90 per 
cent power factor is to be supplied from a station located L*5 miles away. It 
is proposed to supply this load by a branch from an existing 22,000-voit 
system, using stranded sti'cl <»ib]c. VVliat sisc cubic should bo used for a 
three-pliasc line if the loss is limited to 10 per cent? What kilovolt-ampiTc 
capacity will be required to supply the charging current, assuming the spac- 
ing of conductors to be 48 inches? What will be the voltage drop at full 
load? 

Ana. i-inch steel or 1*4 iron; 50-kv.-a. to charge line; drop 10.2 per cent 

Durability. The life of galvanized iron and steel varies con- 
siderably with the environment. In the vicinity of plants which 
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give off corrosive vapors or at a railroad crossing it may not last 
more than a few years. In the ordinary atmosphere of a manu- 
facturing city it is corroded beyond the point of safety in five to 
ten years, while in the country away from smoke and gases it 
may last fifteen to twenty-five years. These influences must be 
considered before the use of steel conductors is decided upon, as 
the cost of frequent replacement may offset the saving in first 
cost made by the use of the chea]x;r metal as a conductor. 

Comparative Cost of Steel and Copper Lines. Assume a line 
of three A-l^ch steel cables, costing $7f) i)er mile of conductor, or 
$210 per mile of line, compared with three No. 6 copper wires at 
I{() cents a pound, or 12(50X0.30, which equals $378 per mile 
line. At 5 cents per pound for labor of erection the cost of the 
conductors is 


Copper win* SH7S 

Ijonor rt.*? 


Toial 

StiH*! cables. .. . 
Lilwr 


Sill |)i>r mile 

S52IO 

130 


'J'otal ¥310 per mile 

Assuming a life of sixtetm years before the line must be 
replaced, the depreciation is (5 imt cent per annum, which with 
interest at 6 per cent makes fixed charges of 12 per cent. On the 
steel line the fixed charges w'ould amount to $40.80 per annum. 
With the copper line there would l)e salvage at about 10 cents per 
pound at the end of sixteen years, making the net investment to 
be depreciated $317). At 12 per cent the fixed charges on this 
would he $37.80 per year, a saving of $3 per mile per year. 
There would be a further saving in energy loss, which would 
depend on the lotul factor and the c-ost of energy. The balance 
would be still more in favor of the use of copi)er if the conditions 
were such that the replacement of the line had to be made at the 
end of ten years instead of sixteen, if the price of copper were 
below 20 cents per pound instead of 30 cents as assumed, or if the 
conditions were such that No. 8 copper could be safely used. 

In general, it may be borne in mind that iron and steel are 
economical as a substitute for copper or aluminum only in case 
the length, load, and voltage ore such that the line loss with a 
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copper line would be less than 5 per cent, and a larger size of 
copper is necessary for mechanical strength than would be neces- 
sary for line drop and efficiency. There are comparatively few 
cases where the use of iron or steel is economical when copper is 
below 20 cents per pound. 

Copper^lad Steel. The comparatively wide gap between the 
conductivities of copper and steel and the advantages of strength 
in favor of steel led to the development of wire made with a steel 
core and a copper surface known as coj)per-clad wire. In tlie 
best processes the steel and copper are welded, thus checking any 
tendency for the copper to scale off and permit corrosion to take 
plac.'e. The steel rod is placed inside a copper tube, welded by 
special processes, and then drawn into the desired sizes of copper- 
clad wire. By varying the thickness of the copper the condu**- 
tivity of the finished i)roduct may be controlled within certain 
limits. 

The manufacturers have standardized two qualities having 
condu'*tivitics, re.spectively, 30 per cent anti 40 jjcr cent of that of 
a .solid eopjier ctjiiductor. This gives a condiJctf>r of high .strength, 
intermediate conductivity, and much longer life than galvanized 
iron or steel. Greater care in handling is nHjuired as the coi)per 
is thin and scratches may be deep enough to jx^rmit corrosion. 

The general properties of 30 i)er cent coppt*r-elatl ivirt* as 
inanufacturerl by the Standard Underground C^able Company' 
appear in Table VIII. The values t)f 40 per cent Avirt* are pro- 
portionally less as to rcsisitancc and alxmt 5 [ht cent lower in 
breaking weight. 

With a No. 3 copper-clad conductor carr\nng lo amperes at 
33,000 volts the resistjince per mile is .5.28 X0.0443 (Table VIII), 
or 3.4 ohms, and the ohmic loss is 15X3.4, or 51 volts j)er mile. 
P'or a 30-mile line the value of IR is 30X51, or 15.30 volts, which 

, 1530 

equals or 8 per cent. 

There are no published values of inductance of copper-clad 
w'ires, but as the area of the steel core is about 78 per cent of the 
total area, the inductance may be taken as approximately that of 
the size of conductor next smaller, which would be for No. 4 steel 
in this case.. The internal reactance of No. 4 steel being about 1.1 
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TABLE Vlll 

Comparative Properties of 30 per cent Copper^ Clad Steel 
and Hard-Drawn Copper Wires 


Sisr 

A.W G 

AvkHAOE Rn9I«ITAVri3 PER 

1000 Fekt at 60* Y 
(ohma) 

Wbhsht per 

1000 Kkkt 
flb) 

AVEHAnS Rreakinq 
W'kiqrt 

6b) 

Gmw 

rc 

II D 

CO 


■Bl 

HD. 


.Stpcl 

C’oppPT 

Steel 

Copper 


Cupper 

0000 

0.1G03 


■■ 

(HLO 


7914 

000 




500.0 

82.^ 

6533 

00 

0.2549 


366.0 

un.o 

68.30 

sm 

0 

0.3214 

0.098:11 

291.0 

320.0 

.5680 

4.386 

1 


0.1241 



4800 

3565 

2 

0..511U 


184.0 

202.0 

3900 

2892 

3 

0.044;i 

0.1972 

] 4.5.0 

1.59.0 

:i200 

2:138 

4 

0.8124 

0.24S8 

114 :> 


2630 

1890 

5 

1.02.'> 

0.3138 

91.0 

1(K).0 

2160 

1520 

(i 

1.2!)2 


72.0 

79.0 

1770 

1221 

7 

l.f)20 

0.4986 

.57.7 

610 

M.50 

984 

8 

2.0.54 

0.6288 

4.5.5 

50.0 

1180 

788 

0 

2.rifl0 

0.7934 

;15.5 

;:{9.0 

965 


10 

3.267 

0.9990 


32.0 

790 


11 

4.118 

1.262 

22.8 

23.5 

645 

403 

12 

5.10.5 

1.591 ; 

1 

18.2 

1 

20.0 

525 

318 


ohms and the external reactance ('lable VI) IxMiig 0.75 at (30 
inches, the total reactance per mile is LcSo and the reactive drop 
is 15X1.85, or 27.7 ohms. For 30 miles the value of X is 

831 

30X27.7, or 831 volts, which equals or 4.4 per cent. 

The charging current would be the same as for a No. 3 cop- 
per conducitor since the diameters are the same. This may be 
calculated from the values in Table 11. At a spacing of (50 
inches the charging ciurent for No. 3 wire is 0.54 amperes ptjr 
100,000 volts per mile. At 33,000 volts (19,000 volts to neutral) 
the charging current of a 30-mile line would be 30 X0.19 X0.54, or 
3.08 amperes. 

As the load current is 15 amperes, this would not be a serious 
value of charging current. With greater distances and higher 
voltages, the charging current would be sufficient to be a factor in 
determining transformer capacity and perhaps generator capadty. 
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LINE CONSTRUCTION 

LINE CHARACTERISTICS 

. General Features. The electrical characteristics of a trans- 
mission line having been (Ictennined by calculation, it remains to 
carry out the design and construction of tlie physical structures 
by which the elt'ctrical transmission is to be consummated. This 
involves qiu'stions of mechanical and civil engineering which are 
sometimes of more than minor consequence. 

The conductors arc commonly suspended on poles or towers, 
with span lengths to be determined, tension and sag to be reck- 
oned, and the stresses of wind and icc loading to be provided for. 
This in turn involves the design of pole Or tower structures of such 
strength as will carr^' the loads imposed upon them under the 
varying conditions of actual service in all kinds of weather. 
Thus the design of the line procc‘< ds in the reverse order from its 
construction, and the questions relating to conductors and insula- 
tors will be considered before taking up the design of supporting 
structui’es. 

The character of the construction is fixed very largely by the 
working v'oltage and by the amount of jwwer to be carried. The 
higher the voltage the greater must be the spacings; and the 
greater tlie j)owcr the heavier must be the weight of conductors 
to be carried. Both these factors have a material influence on 
the character of the supporting structures and on the length of spans. 

With lines at voltages below 50,000 the conditions ai*e u.sua]ly 
such as permit the use of poles and crossarms of wood with pin- 
tyi)e insulators. The cost of the insulator equipment is nuMlerate, 
and there is no great advantage in asing spans averaging over 250 
fift. If longer spans than this are used to save poles, they must 
be higher in order to give clearance for the line wires above ground, 
and this largely offsets the saving in the number of poles per mile. 
Lines at higher voltages require insulators and steel towers the 
cost of which is relatively much higher than that of the wood- 
pole equipment, and there is an advantage in spans of greater 
length. The longer spans require towers of greater height and 
strength, but a minimum cost per mile is reached with tower lines 
when the span lengths ore 500 to 600 feet. 


42 



ELECTRICAL TRANSMISSION LINES 


33 


In mountainous country span lengths are likely to be fixed by 
topographical conditions, it often being necessary to carry a line 
from peak to peak touching the higher points and making spans 
of 1000 to 2000 feet. In such cases each span must be worked 
out to conform to the topography and the line can usually be 
so carrifxi that there is ample sag to keep the tension within 
reasonable limits. Towers are pluml at points where the sag 
would not otherwise permit clearance from intermediate points of 
prominence. 

Sag and Tension. The sag and the tension of a wire between 
two points of support are calculated by the following formula, 
which while not rigidly accurate is sufficiently so for the purpose 
of calculating these values for transmission-line conductors: 


ft 

St It- 


in ivhich S is s«ag, D is the length in feet of the span, is the 
weight in pounds per f(K)t of the (‘f)iuliictor (with insulation or ice 
loading, if any), and 7' is the tt'iision in pounds. By this formula 
the sag may be calculated f(jr any assumed value of tension; or, 
by interchanging S and 7’ in the formula, the value of tension 
may be found for any .‘issuined value of sag. 

Example. With No. 4 wire (bar**) um! .i spiin length of 200 feet, what 
will bo the sag wlioii the ionsioii is 3(K) )m>iiiu1s? 

The weight of u foot of No. 4 wire is 0 TiGI pound and therefore 


^^X^12C4 
" “ SX3tW 


2.1 ft. 


For a span of 400 feet, other conditions l)f‘ing the same 


A* 


400* XO 1264 
8X300 


= 8.42 ft. 


Thus it is evident that the length of the span is the most 
important factor in determining the sag and the tension of wires. 
These vary in direct proportion to the weight of the wire, so that 
for a No. 1 wire, which has twice the weight of a No. 4, the 
tension for a sag of 2 feet would be (300 pounds instead of 300 
pounds; or, if the tension were left the same, the sag would be 4 
feet instead of 2 feet. 
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Ice and Wind Loading. With long spans (over 500 feet) in a 
elimate subject to sleet storms and high winds the tension must 
usually be made so high for a proper value of sag that care must 
be taken not to exceed the breaking strength of the wire. In 
many parts of the United States sleet has been known to form on 
wires to a considerable thickness, adding to the load to be carried 
by the wire an amount considerably in excess of its own weight. 
To this there may be added the force of the wind, which, while 
acting laterally, deflects the span and adds a component of load 
which is appreciable. 

It is a very rare occurrence to have a high wind at the same 
time that there is sleet on the wires, but it is (‘ustomary to 



assume a loading of } inch of ice (radial thickness) and a wind 
pressure of 8 pounds per square foot. This corresponds to a wind 
velocity of 75 miles per hour as recorded by the Weather Bureau. 
It is, however, not so rare to have more than i inch of ice, and 
these limits are considered ample to take care of lines in case the 
ice should be more than i inch in thickness without a high wind 
pressure. 

The wind velocities as reported by the Weather Bureau are 
usually taken from points much higher above the surface than the 
wires of a transmission line are carried, and it is therefore neces- 
sary to apply a correction factor to wind velocities taken from 
Weather-Bureau records in using them for the determination of 
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wind pressures. The actual values of velocity for the indicated 
values in weather records are as follows: 

Indicated velocity (miles) 30 40 50 60 70 80 90 100 

Actual velocity (miles) 26 33 41 48 55 62 69 76 

The pressure exerted on wires and structures may be calcu- 
lated from the formula 

0.0025 r® 

in which P is pressure in pounds per square foot and V is the 
actual velocity corresponding to the indicated velocity of Weather- 
Bureau records. For cylindrical objects, such as conductors, the 
area exposed is calculated from the diameter of the conductor. 
The curve in Fig. 8 gives the values of 
pressure in pounds per square foot for 
various adiud wind velocities met with 
in practice. 

Ill tlic calculation of the unit weight 
of a conductor loaded with ice and sub- 
ject to wind, the weight as found for 
metal and ice must be inert'ased by an 
amount <letcrmincd as follows: Tlic 
loading of the conductor is the result- 
ant of tlic vertical force of gravity due 
to the weight and a horizontal force 
due to the wind as shown in Fig. 9. 

Thas if tlic weight is W and the wind 
pn'ssurc is P, the resultant force is 

The weight of ice may be taken as pound ixir 

cubic inch. 

Effect of Expansion on Sag. The expansion and contraction 
of a conductor with variation of temperature affects the length of 
the conductor and this has a material effect on the sag. The length 
of a cojijicr conductor varies with the temperature according to 
the formula 

lt=L (1+0.00000900 ft. 

in which Im is the length at the minimum temperature, and U the 
length at t degrees rise. For aluminum the constant is 0.0000128, 
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and for steel 0.0000064. 
D with a sag 8 is 


The length of wire / in a span of length 




Or if the length is known, the sag at the known length is 


These formulas give correct results for conductors which do 
not stretch when carried on rigid supports, but there is sufficient 
elasticity in transmission conductors and towers to materially 
modify them in most cases; for instance, the breaking of wires 
during very cold weather is occasionally met with, but it would 
be a very common occurrence with lines erected in mild weather 
if there were not a consklcTable amount of elasticit.w P'or this 
reason the factors of safety us(m' in the rh'sign of transmission 
structures are much lower than is safe in inr)st engineering prac- 

L T 

tice. The stretch of a coppt^r wire is feet, in which L is the 

length, T is the tension in pounds, A is the ami of the conductor 
in square inches, and IC is the modulus of elasticity. The inodu> 
lus for annealed copper is 12,(KK),0{X); for hard coi)pcr 16,(KK),()00; 
and for aluminum 9,(XX),(KK). 


Example. Assuining a lino of No. (MXM) ritmndod r:iblr to be Ktriiiig 
with a GOO-fnot B|;mn, what is tho niininiiiiii allowablo sag iindor winter 
Ronditions; tho ni.‘i.\iniiiiii sag under Biiinincr oonditiunH; and how is it 
detoTininod at what sag tho wiri' .should bo strung at usual working tom- 
prratiircs? 

The method of proeodurc is to asaunio that whoii tho. 'oiiductor is 
loaded with ice and subjocted.to wind fircBsiin* at the lowest teniporaturo 
which it w'ill cxporioncc, the tonsiun will la; o<|iuil lo tho maximum amount 
to which the conductor may bo safely .subjoctod. 'Hie first stop is therefore 
to find the sag at the maximum safe Umsion with ico ami wind loading and 
the length of conductor at this sag. Next assiimu all load, including the 
tension of the unloaded conductor, removed, and find the amount by which 
the length is reduced thereby. Then ealeulate the sag for tho conductor 
without wind or ice loading at tensions assumed below the safe tension, 
choosing points well distributed through this range and using the formula 


Thpse points nro plotted in a curve sucli as tliat shown in Fig. 10 at AB, 
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From the length of (inductor entirely unloafled, find the lengths of this 
conductor when subject to the values of tension assumed in getting data for 
curve AB. Substitute these longtlis in the formula' for sag based on length 
and get the eorresponding values of sag. Plot these in a curve CD crossing 
the sag-tension curve AB previously made, and the crossing point will 
give the tension and the sag of the conductor with the ice and wind loading 
removed but with the temperature still at the minimum values. 

Find the Icngtli of the unloaded conductor at maximum temperature by 
applying the temperature coefficient to the length at mmunum temperature. 



The lengths at various ti'iisions and the sags at these tensions arc then calcu- 
latwl and plotted in EF, the intersection of the curves EF and AB being 
the sag and the tension at the inuxiniuiii temperature without ice or wind 
loading. 

In a similar manner the sag and tension at intermediate temperatures 
may be obtained. Such figures are needed by the construction force as a 
guide to the sag which should be allowed in spans of various lengths and at 
various temperatures. 

In the case of the fiOQ-foot span of strandinl No. 0000 cable assumedp 
the calculation is as follows: From Table IX the lorni per fo»it with J inch 
of ICC and an 8-j)ouiid wind pressure is 1.641 pounds. The allowable tension 
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on the cable is 6000 pounds, and the sag at the assumed misimum tempeia- 
turo of — 10” F. with the assumed loading must not be less than 


* 600»X1.641 

8 X5000 


14.77 ft. 


With the sag the length of cable I in the span is 


Z-600+ 


8X14.77* 


= 600.97 ft. 


3X600 

Applying the formula for the streteh of a copper wire, this length would be 
reduced, if all load, including the tension of the line, wore removed, to 

600.97T 600.97 X5000 


li = 600.97— 


AE 


=600.97- 


O.1662X16O0OUOO 


=590.84 ft. 


in which 0.1662 is the area of the coble and 16,000,000 is the modulus for 
hard-drawn wire. 

The data from which the sag-tension curve A/i, Fig. 10, is plotted is 
based on the weight per foot of bare conductor without wind and ice loading, 
which is 0.645 pound. Thus for 1500 pounds tension and the given span of 
600 feet the sag is 

^ 600*X0.645 

The different values are 

Tension (lb.) 1500 

Sag (ft.) 19.3 


8X1500 

2000 2500 3000 3500 

14.5 11.6 9.66 8.3 


Applying the formula for the stretch of a copper wire, the length of the 
599.84-foot piece of conductor li when stressed at 1500 pounds at -10® F. is 


Z, =599.84-1- 


599.84X1500 


0.1602X16000000 


■-=590.84-1-0.338 = 600.178 ft. 


In a similar way the values of length at the other assumed tensions are 
found, and the sag for those lengths is determined from the equation 


® = \ 8 “ 


At 1500 pounds tension the span D i-( 600 feet and the length U i.4 600.178 feet; 
therefore 

-v^-0.32 ft. 

At other tensions the lengths and sags are 

Tension (lb.) 1500 2000 2500 3000 3500 

Length (ft.) 600.178 600.291 600.404 600.576 600.63 

Sag (ft.) 0.32 8.1 9.54 10.75 11.9 

When plotted, the various values of sag make the curve CD in Fig. 10. 
The AB and CD curves intersect at approximately 2830 pounds and 10.25 
feet; these are the tension and the sag at -10® F. without ice or, wind loading. 
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If the iiiAxiniuin temix'rature ie taken at lOO** V., the length of the 
unstressed wire at that temperature is 

= 599.84 (1+10.0000096X1 10]) = 000.473 ft. 

At 1500 pounds the length is 

The sag in the eonductor at 1500 pounds is 

f 'SX^ (oixhSl 1 -600) / j 

S = yl ^=V225X0.811=V1^=13.6 ft. 

At other tensions the lengths and sags are 


'I'l'imion (lb.) 

1.5(K) 

21X10 

2500 

30UU 

3500 

[.engtli (n.) 

6(X) SI 1 

6(X).924 

601.037 

601.1.50 

601.26.3 

Sag (ft.) 

13.5 

14.4 

15.2 

16.0 

16.S 


Plotting the values of sag, the eiirve is wen to intersect the Ali carve 
at about 2000 pounds and 14.4 feet, ihe tiMisnm and sag respee.tively at 100^ 
F. without ice or wind loading. 

If this calculation is carried through for various ti'inporatiires, such as 
40®, 50®, 60®, 70®, 80®, and 00® Fahrenheit, and the fioiiits of intersection with 
the /B curve obtained, the data will be at hand for instructions to line 
foremen as to the sag to be used at various temperatures in c*reeting the hne. 

Spans with Supports at Different Levels. The prt'vious dis- 
cussion uf the cal(*ulation of sag and stress is based on the assurnp- 



Fie 11- SpuiiM mill SiippnrtH lit DilTiTi'i.t IjCVcLi 


tion that the spans are on level supports. In many cases there is 
considerable difference between the levels of supports of spans, and 
with long spans this difference must be taken into consideration. 

In Fig. 11 there is shown a span of this sort where the line 
passes from a higher to a lower level in a single span, while 
Fig. 12 shows the eondition where the change in level extends 
through two or more spans. In these cases the method of treats 
ment is to consider the span as part of an equivalent longer one 
having level supports. 
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The length of the equivalent sj)aii Di, is found bjiitlie equation 

/),= 

in which R is the sag of the equivalent span, D is the length of 
the actual span (measured horizontally), anrl li is the difference in 
level of the ends of tlie a(‘tual span. If a s])au having a hori- 
zontal length of oOO feet has one su])i>ort IK) feet below the other, 
and a sag of .‘50 feet below the higher sui)])ort is permissible, the 
length of the e(niivalent level span would Im* 


If the eonduetor were a No. OtMK) straiuh'd cables the tension at 
:50 feet sag, witluuit ice or wind loading, weaild be 

NiS SXoO 


at the liigher end. If ice and wiiul loading .-ire to be considered, 
the sag and tlie tension may be deti'rminc'd for the various con- 



ditions of temperature* for the ecpiivaleiit span according to the 
inetliod used in the eNampIe j>re\iously given. Tliese valuers then 
apply to tlie .■lelual span, e\c*ept for a small ])ereentage of error 
for spans iiaving a sag of over 1.1 per cent. 

In ease the allowable .sag is not known, the Icuigth of the 
level sjain may be computed from the tension and the weight of 
conductor. In ^ueh a ea.se 


^hT 


Thus, with the span of 500 fc^ef of No. fM)00 assumed above, the 
length is 


yji = nood- 


le xjif^i.-io^ 
0.045X500 


710 ft. 
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In theUlbse of a line passing down a slope. Fig. 12, it is pos- 
sible to have the sag such that there will be an upward pull on 
certain supports. This will be true when tlie difference in level 
of the suppf^rts is greater than Die sag of an equivalent level span; 
for instaru.'e, a difference in level of supports of 30 feet requires 
sag of the equivalent level span of not less than 30 feet. 

Sag and tension calculations can often be facilitated by the 
use of charts in which the values for various lengths of span art* 
plotted in the form of curves. 

Examjilr. A line of 3.''i0,(K)() circulur mils stranded cables is to be 
carried on supiiorts spau(*<l 600 feet apart on level ground and having certain 
spans 800 feet in length where there is a difference of 40 feet in th(* elevation 
of tlie siipix)rt.s. If the t(‘inpcraturt* at the time of erection of the cable 
70® K., the maxiimiin temiuTature is 100® F. and the conductor may be 
loaded with i inch of icci ratlial thit^knc'ss at a temperature of — 10® F. while 
there is a wind pn'ssiin* of 8 pound-* iM*r square foot acting at right angle's 
to the line, what should be the saf.- and the tension of the cable at the 
temiicruturc at which it is erected, in the GOO-foot span; in the 8(X)-foot span? 

Am. At 000 ft., sag= 10.8 ft., tension = 4500 lbs.; 
at fKlO ft . s.‘i.g= lo.2 ft., tensioii=4200 lbs. 


LINE INSULATORS 

Relative Value of Glass and Porcelain. Tlie continuity of 
service given over a traiismi.ssion liiu; is, perhaps, dependent more 
on the quality and durability of its line insulators than on any 
other element of line construction. The insulator must be of a 
material which will stand up under ri.scs of potential and changes 
of temperature and will withstand the action of the elements. 

Glass has some of the ticsired qualities but i.-> lacking in 
strength when m<ade in the large sizes needed for the higlier voltages. 

Porcelain is the mo.st commonly used material as it stands 
change in temperature and has gocxl ineclianicul strength. It is 
dependent for its insulating qualities, to a considerable extent, on 
its glaze. The firing process, by which tliis glaze is applied, docs 
not give uniform results, however, and it is neccs.sary to inspect 
each piece before it is accepted fbr use as part of a line insulator 
and to test the assembled parts after completion. Porcelain 
insulators are more reliable if constructed in parts and cemented 
together after burning. 
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Pins vs. Suspension Type. At voltages up to *10,000 the 
insulator may be advantageously mounted on a pin, but above 
this voltage the pin must be of sueh length, to give pro])cr clear- 
ance from the crossarms, that the structure is mechanically weak 
and the corners and dead ends are difficult to support in a per- 
manent manner. For the higher voltages it is therefore necessary 
to resort to the use of insulators suspended from the crossarms in 
strings of units, which are joined by links of steel and are in 
tension for d(‘ad loads and lateral strains. This n‘siilts in a much 
more substantial media nical structun*. 

Pin Type. I'he pin-type insulator is designed in sudi a way 
as to have flash-over and puneturc' voltagc‘s considerably liigher 




14 Tvpi*« of I’uiH Cross- \riii iWMl-GWin Volla, eiih--Ti)p (’nwfi-Ann 

Viilfh, INile-Top VultH 


than till! working voltage. The flasli-ovcr voltage is that n'quired 
to jump from the conductor at the top to the pin at the base. 
The insulator inii-st also have a scrii*s of pettieoats which will 
keep a part of the jiath for leakage dry in wet weather. The 
various sizes of insulators .shown in Fig. Ifl illustrate the.se points. 

Pin-type insulators are st;cured to wood pins by a screw 
thread in the porcelain. In the larger sizes the strength of the 
threads is not sufficient to carry the heavy loails placed on the 
insulators at times, and greater strength is sccurtjcl by the use of 
a steel pin to which the insulator is cemented. This is most ain- 
venieiitly done by cementing into the insulator a stc'cl thimble 
which is threaded to screw on to the steel pin. Ry thi.s method 
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cementing is easier, and an insulator may be replaced without 
removing the pin. 

Several types of pins which are used for transmission work 
are shown in Fig. 14. In some types a flange is provided to rest 
on the top of the arm, and in others the pin is clamped around 



the arm. These devices provide greater stability against side 
pulls and dead ends. 

Suspension Type. The suspension insulator is hung in strings 
of thive or more, allowing about 20,000 volts to each unit, the 
size of the unit being somewhat larger for the higher voltages. 
Ill the insulator unit. Fig. 15, the nn‘tal clump at the bottom is 
fastened to the conductor, aial the eye at the tup fastens to the 
c«)rresponding member cl' the clevis connector of the next unit 
above. The string is carricfl on the crossarm or tower and is 
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flexible to lateral stresses, so that in a wind the string may assume 
an angle of 30 to 45 degrees from the vertical; likewise at curves 
the conductor tension holds the string permanently at an angle 
with the vertical. The metal parts are cemented into the porce- 
lain, and the porcelain must have sufficient 'thickness to prevent 
punctvii-c and sufficient diameter to prevent serious flash-over at 
times of surge above the working voltage. 

^’lle freedom of motion of the conductor in the wind makes 
it necessary to provide larger clearances from the pole or tower 
than are rcqiiiri-d for pin-t>T)c insulators, and tlie crossarms must 
therefore be longer and the poles or towers somewhat higher. 



Fix. Ifl. Urns of Strain InBulatore at CorniT nr Dead Kiid 


At corners and ihvul ends it is necessary to use strings of insu- 
lators to transmit the tension of the line to the suj>porting 
stmcturc. In Fig. 16 the horizontal strings take the- tension of 
the span, the conductor being carried slack around the su])port 
to the next span. 

I'he units should Ik* coniiectcfl together closfdy, .so that when 
flashing over, the arc will pass from porcelain to porcelain without 
touching the metal connections. In this way a flash-over is not 
so likely to crack the porcelain and destroy the usefulness of a 
string of units. The flash-over voltage of a string of insulators 
is about half as much during rain as in dry weather. The wet 
flash-over voltage is from two to two and one-half times the 
normal voltage. 

The efficiency of a string is somewhat reduced as more units 
are added; that is, the flash-over voltage of the string lacks more 
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and more of equaling the sum of the flash<over voltages of the 
units as the number of units is increased. This is due to the 
fact that the insulators have a charging current, which flows from 
the line conductor to the various insulators in the string. This 
current passes over the lower unit for all those above it, and the 
]X)tential drop around the first insulator is more than for the 
others. If units are added, they cannot share the fall of i)()ten- 
tial equally with the others, and the efficien<*y is theivfore lower. 
The rate of decline in eflSciency is approximately as follows: 2 
units, 93 per cent; 3 units, 88 ])er cent; 4 units, 8*) j)er cent; 5 
units, 76 per c'ent; and 6 units, 71 per cent. 



In some cases engineers liave })rovi»Ied arcing rings or rods 
around the insulator at each end to give metallic electrodes for 
fla.sh-ovcrs, thus saving the porc*elain from damage. These have 
prevented extended interruption of service, but there is some 
tendency to increase the number of short interruptions caused by 
the tripping of a circuit-breakcT wlani a flash- over occurs. 

The connection of the conductor to the insulator must be of 
a rugged tyjje in order to prevent injury by burning in case of 
an arc. This is especially true of a pin-tyije insulator where a 
substantial clamp around the top of the iiLSulator is used to pro- 
tect the conductor from damage. Fig. 17. 

POLES 
WOOD POLES 

Kinds. Wood poles form the least expensive tjTpe of support 
for transmission lines up to about 60,000 volts for ordinary sizes 
of conductor. For conductors heavier than No. 0000 copper. 
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stwl towers are often required to give adequate strength for 
voltages eonsiderably lower where wind and ice loading is heavj'. 

Wo(x! poles are usually of cedar or chestnut, though pine, 
cypress, and m1w*ood are used to some extent in loc;dities where 
they an* readily available. Cedar is very widely used in the 
middle and nnrthwestc'rn states, and chestnut is used in the 
states adjae(‘nt to the Appalachian Range, (’hestnut poles are 
heavier than cedar and not so uniform in their growth; the sap. 
woo<l is harder and not so thick. Northern white cedar, which 
until rcec'iit years has been used most in the middle states, grows 
with a ta|X‘r of about 1 inch to 5 feet of length, w'hieh gives a 
pole a substantial butt dimension and then^fore am])le strength 
at the ground line. The large butt dimension also contributes to 
the life of the ])ole, us the most rapid decay takes place at the 
ground line. 'J"he Iarg«*r siz(‘S of Northern cedar poles have a 
life of 20 to 25 years in many ocalities. Western cedar, which 
grows in Ort*gon and Idaho, has a tiiper of 1 inch to about 9 
feet of length. The butt diameter is therefore several inches less 
than that of a Northern cedar pole with the same top diameter, 
and it is neces.sary to use larger toj) diameters than with Northern 
cedar to .secure the same degree of strength. The fiber .strength 
of Western cedar is higher than that of Northern cedar, how^iver, so 
that it is not necessary to have equal cross-section for equal .strength. 

Strength of Wood Poles. The fiber stre.ss per square inch 
in a round timber such as a ]M)le is 

o_ 12X32 PL 122.2 PL 
:kl4f/^ fP “ 

where P is the force acting on the pole at right angles at the 
equivalent height L above ground in feet, and d is the diameter 
at the ground line in inches. For an assumed value of S and a 
computed value of P the size of the pole required is known from 

122.2 PL 
df — ^ — 

However, in a pole having a circular cros.s-section the weakest 
point is that at which the diameter is 1.5 times the diameter at 
the point where the load is attached. For Northern cedar and 
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chestnut this is often at a point several feet above the ground 
line. In a Northern cedar, having a taper of 1 inch in 5 feet, 
if the load is applied at a ))oint where the diameter is 8 inches, 
the point of maximum stress will he at a diameter of 12 inches. 
This will be (12— 8)X5, or 20 feet, below the point of attachment 
of load, which would be ab<)ve the ground line for loads due to 
line wires. With a Western cedar, having a taixT of 1 inch in 
9 feet, the point of maximum stress wouKl be (12— S)X9, or 36 
feet, l)elow the point of attachment. In most cases this would 
be at or below the ground line. When the |H)int of greatest stress 
is above the ground line, the equation ^f(»r finding the diameter 
fh at that point is 


d,= 


IS.ll PL 


fdi in. 


t 

in which d\ is the diameter at the point of attachment of the 
load. The value of <S varies somewhat in the different kinds of 
wmxl and with the factor of jwifety which is considered permis- 
sibk. The ultimate fiber strength of Xorth(*rn cedar averages 
about 3(KK) pounds p(‘r square inch; that of Western cedar and 
chestnut average about 51 (M) pounds. 

In calculating loa<ls caused by curves and self-supported 
corners or dead ends, where the stress is (‘ontiniious, the fiber 
stress should be kept hnv enough to prevent excessive distortion. 
This usually makes it n(*<-(‘ssary to use a working stress of about 
15 to 20 per c*ent of the breaking strength. For conditions such 
as ice and wind loading, which are transient, the W'orking stress 
under the assumed load condition may be 4f) to 50 per cent of 
the ultimate strength. Tlu'se figures allow for some variations in 
quality and for partial loss of c»*oss-s(?ction by decay. 

Dead"End and G)rner Loading. At dead ends which are not 
guyed the entire tension of the line wires must be carried by the 
pole, and at corners the resultant load of the tw'o adjacent spans 
must be so carried. 

Assuming that a Northern cedar pole is to sustain the tension 
of three No. 0 bare wires amounting to 2(M) pounds each, one 
wire being attached 28 feet above ground and the other two 
wires at 25 feet, that the maximum w'orking fiber stress 8 is to 
be 6fM) pounds }K*r square inch and that the diameter is 9 inches 
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at the average height of attachment, the size of the pole at the 
point of maximum stress will be 


, 18.11 PL , . . 


PL equals: 200X28, or 5600 f<M)t pounds for i wire; and 2 X200X 
25, or 10,000 foot pounds for 2 wires; which gives a total of 
15,600 foot pounds for .3 wirt‘s. Therefore 


(k 


18.11X15600.. .... 

-s^xlioo 


This would be at a iKiiqt 5.8X5, or 29 feet below the pt)int of 
attachment, which is 1 foot below the surface of the ground 
since the highest wire is only 28 feet above the surface. 

In the case of a corner with these sfiine wires turning at 
right angles, the moment PL on il.e pole would be VlSOW+ loOlifl^ 
or 22, (XX) foot pounds. 


. 18.11X220(X)^. 


:S.2+9«l7.2iu. 


This would be at a point 8.2X5, or 41 feet below the point of 
attachment, which is below the end of the pole. Appl>'ing the 
rule for (.‘ases where the point of ma.\irnum stress is bclow^ the 
surface, the diameter at the surface must be 

d* S— 4470 

d ='^4470= 16.45 in. 

With this diameter at the ground line, the diameter 1 1 the point 

• 2 () 

of attacliment must be 16.45 — , or 11.25 inches, the equivalent 

1 5f )00 

average height of attachment being or 26 feet. 

W/U 


If this were a Western cedar pole with a taper of 1 inch in 
9 feet and a fiber strength of 800 pounds, the diameter at the 
surface would be 


(P 


122.2X22000 

800 


3350 
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With a diameter of 15 inches at the ground line, the diameter at 

20 

the point of attachment must be 12*1 inches. 

Transverse Loading. Where a line changes direction at an 
angle of less than 90 degrees, the conditions are often such that 
guys cannot be used and stresses must be computed to determine 
pole sizes. In such cases a simple method of determining the 
transverse pull is that shown in Fig. 18. Measure off 100 feet 
along each span adjacent to the pole and by sighting from a to 5 
locate the point c opposite the jxile, then measure the distance g 
fnnn c* to the i)ole. The force acting on the ])ole is 



in which T is the sum of the tensioifs of all the win's. 

# 

With three No. 0 win’s having a tension of 2(X) ix>uiids each 
and a value of 20 for g the forc(’ on the pole is 





If attached at an average height of 20 feet, the moment PL 
equals 02-10 foot p»)unds. 

The action of the wind on iec-ladcii conductors may subject 
poles to transverse stresses of considerable magnitude. Assume a 
pole line carrying six No. 0 Inirc wires on which there is a coating 
of ic’c having a radial thickness of } inch. The span ]cngth.s at 
each side of a pole are 150 and 170 feet respectively, and there is 
a wind i)ressurc of G pounds per square foot of projected area at 
right angles to the line. 

From Table IX the diameter of No. 0 is 0.H25 inch. Adding 
the ice, this becomes 0.5+0.5+0.325-1.325 inch. In 100 feet 

the projected area per Wire is jjj , or 1 1 square feet. The 
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length of wire carried by the pole being 


150+170 
r; » 


or 160 feet, the 


area per wire is 1.6X11, or 17.6 square feet, and the total for 6 
wires is 6X17.6, or 105.6 square feet. The force of the wind being 
6 pounds per square foot, the stress on the pole is 6X 105.6, or 633.6 
pounds. Assuming this to be applied at an average height of 30 
feet above ground, the moment would be 


7^L=30X633.6. or 19008 ft. lb. 


Ice and wind loading being a transient condition and the two 
rarely occurring simultaneously, it is reasonable to permit the fiber 
stress to go higher than is desirable where the stress is continuously' 
applied. Hence a value of 14(K) for S in Northern cedar or 20(K) 
in Western ctxlar or chestnut may l>c assumed. With Northern 
cedar having a 7-incli diameter at 30 feet abf)ve ground 


. 1S.11X19(K)8 , . - L- io* 


The point of greatest fiber stress is 5X5, or 25 feet below the point 
of attachment, or about 5 feet above ground. Hence a pole with 
a diameter of 7 indies at 30 feet above ground would be ample to 
withstand the loading due to the action of the wiiul on tJic wires. 

The moment of a -lO-foot pole set with 34 feet of its length 
above ground with a 7-inch diameter at 3t) feet and a 13-inch diame- 
ter at the surface is 




72 “ 


in which II is the height above the surface of the (*:irth in feet and 
F is the pressure of the wind in pounds per square? foot 

ft. II,. 

Adding this moment to the moment of the ice-laden wires, the total 
moment is HKX)8-|- 2001, or 21009 foot pounds. P'or the total 


, 18.11X21009,^ 


The point of greatest fiber stress would be 5.7X5, or 28.5 feet below 
the point of support, or 1.5 feet above the ground line. A pole 
with a 7-inch diameter at 30 feet above ground and a 13-ineh butt 
at ground line will therefore carry the load safely. 
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JSaample. What should be the butt diameter of a 40-ft. Western cedar 
pole with a 7-in. top which carries six No. 00 bare wires lailcn with } inch of ice 
radial thickness, with a wind pressure of 6 pounds acting at right angles to 
the line, if the lino is straight and the length of s])an each side of the pole 
averages 120 feet; if the line makes a tuni of 15 feet in 120 feet and the wires 
have a tension of 250 pounds each? 

Ann, Straight line 10 S inches; at turn 11.9 inches 

STEHL POLES AND TOWERS 

Range of Use. \Vlu*re lines must he camod atToss railroads 
or at other high levels arul where the .size of the eoiuhietor, the 
character of the service, the voltage, and the ]>ermancnf;c of tlie 



enterprise demand a high degree of reliability and durability, the 
conductors arc carried on siib.stuiitial steel structures designed to 
have greater strcngtii than a wood pole or combination of poles. 

However, the incrc*ased cost of steel structures is sometimes 
not justified by the conditions, :ind the problem of increased 
spaciiigs for two circuits at high voltages is .sometimes met by tlie 
use of a double line of wood poles .set about 15 fi'ct apart, with 
crossarms between them. The .stnietuw? is .so arranged as to be 
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materially stronger than two separate pole lines ivould be, and is 
considerably less expensive than steel construction. This type of 
construction is shown in Fig. 19. 

Steel construction is often i)sed for special cases in a wood- 
pole line, such as a long span across railroad tracks or other 
obstacles where unusual height is necessary for clearance. Such 
poles are usually of lattice-work construction since the space for 



foundations is limited and a broad based structure is not possible. 
For river crossings, where space on the banks is ample, a tower 
construction is more common, the spread of the base being 
feet or more according to the height required and the span length. 

With lines on a private right of way there is usually ample 
room for broad-based towers. In agricultural districts objection 
is sometimes made to the use of large bases, if they stand in 
ground used for cropping. With a smaUer base the steel work 
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must be heavier and more closely latticed than with broad-based 
towers. 

A few typical examples of narrow- and medium-based struc- 
tures are shown in Fig. 20, and several t^'pes of broad-based 
towers in Fig. 21. 

Span Lengths. The differmee between the cost of steel 
structures and that of wood poles is lessened materially by the 
possibility of using much longer spans, thus requiring a much 
smaller number of towers and foundations per mile than poles. 



This also reduces the number of insulators in the same proportion 
and tends to reduce interruptions of service from insulator failures. 
On the other hand, as the spans become longer, the sag and the 
tension of conductors increase and additional height must be 
added to give the required clearance at the low point of the span. 
Since this, in turn, requires a heavier construction and foundation 
and as the cost of foundations is a considerable part of the cost 
of steel structures, there is an increase in cost for span lengths of 
800 to 1000 feet as compared with spans of 500 to 600 feet. 


ELECTRICAL TIUNSMISSION LINES 


This refers to lines having conductors of No. 0 or larger. The 
length of spans is also restricted at lower voltages by the tendency 
of wires in long spans to come into contact and burn off as there 



Fig. 22. Flcnble Type of Steel Stnirtiiro 


may not be .sufficient separation 
between conductors. 

Spans of 300 to 000 feet are 
most commonly used in country 
where the foundation sites can be 
selected witiioiit difficulty. In a 
mountainous region spans often 
run to 1000 feet or more, since 
the trnvers must be on the high 
points and then* are no obstacles 
to prevent the use of ample .sags 
and separations. 

Flexible Structures. In 
straight runs tran.sver.se strength is 
secured at less expense by the use 
of a structure which is not braced 
against forces ading in the direction 
of the line. This type of .structure, 
Fig. 22, is made of somewhat 
heavier members but requires only 
one-half as much foundation as a 
tower having four feet. The two- 
footed structure can move* some- 
what, as may be neces.sary to 
readjust the tensions in adjoin- 
ing s))uns, and is known ns a 
flvjrible toinr. 

The flexible structure offers 
comparatively small strength 
against the stresses arising in case 
all or part of the wires of the line 
are broken. It is therefore neces- 
sary to put in self-supporting tow- 
ers at intervals to check the spresul 
of trouble in such an emergency. 
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Such structure's arc, of course, also necessary at points where the 
line makes an abrupt turn. 

Ofi lines having the smaller sizes of coiifluctors the use of self- 
supporting towers may be reduced in straight runs by the use of 
head guys at suitable intervals, these guys being connected each 
way from the top of one tower to the base of the one adjoining 
or, if sj)ans are long, to an anchor ])rovided for the pur])ose. 

Self-Supporting Structures. The self-supporting type of tower 
includes towers showing a <‘oiisi<lerable range of strength and 
design of supporting members. This range extends from the 
tower which is made adequate for the transverse stresses and a 
part of the longitudinal stresses to the tower which must support 
the entire unbalanced forces of a l«»ng river crossing at a height 
much above that of the rest of tla^ line. 

In ease rigid t«)wers are used throughout the line, it is usually 
not necessary to provide strength siifficit'nt to care for the break- 
ing of all the wirt's of the line. No more than two are likely to 
break at any one point in the line. 

\Vith suspension-type insulators, -when a line breaks, the strings 
swing each way with the tension of the line, thus considerably 
relieving the stress <liu‘ to the unbalanced h)ad. This further 
rediKH's the necessity of jiroviding strength to Iiold the full tension 
of all the w’ires. 

The inaxiinum stresses are those t)eenrring in connection with 
ice loading c»f eoiiductoi*s at the time t»f a break, these stresses 
uiMiaily being greater than the tl•an^ver.se stresses due to ice and 
wlial loading. With crossing ami other dead-tmd towers the 
strength must be ample to take caiv of the ice and wiml loading, 
and if the spans arc over IllK) feel, such structuies must Ix' made 
of quite heavy materials. 

Specifications for Towers. Tlie detailed calculation of tower 
membci-s is a matter for structural designers and must be left to 
the manufacturer w'ho should assume responsibility for the com- 
plete design. The tran.smission engineer must, however, give the 
manufacturer the specifications to be nut by tlie structure, which 
must include: the maximum allowable spread of the base; the 
height required for conductor clearance from other structures and 
the ground; the size of conductor; the length of span; the condi- 
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tions of niuximurn lotoding; the number of circuits to be carried; 
the voltage and pliase of tlie line; the tyye of insulator to be 
used; and the type of structure, whether flexible, rigid line, or 
dead end. The specifications should provide that all members be 
well galvanized, including bolts and nuts used for assemblj^ in the 
field. The* details of eorinections to insulator strings or pins and 
the coiineetioiis to foundations niust be given, and in case of 
towers which are not to stand on level fouiulations, the necessary 
data as to the pnifile of the .surface. 

Foundations. The character of foundations for steel struc- 
tures varies acconiing to the spread of the base and tlie height of 
the structure. Narrow-base poles (that is, less than 4 feet) art* 
usually set in a solid block of eonerctc about 0 feet deep and 
flared out at the bottom to ^ve the necessary stability. Kor 
towers having broader bases separate ff>otings arc providwl for 
each leg, with rods to which the sui)crstruetiire is bolted set in 
the concrete. 

Dead-end ami crossing towers often have so large an over- 
turning moment tliat the conewte block must be quite massive. 
In such eases the foundation, therefore, takes the form of two 
concrete blocks, one taking the compressive str(*ss on the crossing 
side and the other the lifting stress on the other side of the 
tower. 

The overturning moment is PL ft'ct pounds, P being the ten- 
sion of the wires of the span and L being the equivalent height 
of the points of attachment. Thus for a tower eariydng 6 wi^es 
having a tension of 2500 pounds each at mi equivalent height of 
50 feet, the moment is 6X2o<M)X5(), or 750,000 foot pounds. Ff 
the base has a spre^ad of 20 feet between footings in the direction 

T'lOOCK) 

of the strc'ss, the forci* acting on the footings is , or 37500 

20 

pounds. This must be met by the combined weight of concrete 
and earth on the far side and by a sufficient area of bearing 
surface on the footings of the span side to prevent the earth from 
settling under tlie compressive force. The area of bearing surface 
depends, to a large extent, on the character of the soil, clay and 
rock requiring les.s surface than sand and swampy ground. It is 
quite important that the bearing surface provided be ample as 
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the supporting power of the soil cannot alwa^-s be determined 
accurately. 

MISCELLANEOUS LINE PROBLEMS 
PROTECTIVE EQUIPMENT 

Lightning Arresters. Overhead lines are very generally sub- 
ject to the influence of lightning discharges. This influence is felt 
in the tendency of the electrical charge to jump around or to 



Fig. 23. Horn Gap Arreatvr with Huiistance 

puncture insulators and to break down the insulation of trans- 
formers and other apparatus. The damage is such that provision 
must be made to prevent it as far as it is practicable to do so. 

Spark-Gap Type. The protection of substation equipment 
requires that the discharge gaps be so arranged that the high- 
potential charge may puss to ground without puncturing the insu- 
lation or otherwise damaging the apparatus^ The devices designed 
for this purpose are known as lightning arresters, since the most 
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severe discharges take place in connection with lightning storms. 
The lightning arrester embodies spark gaps, choke coils, and in 
some cases, resistance for limiting the flow of power current fol- 
lowing the discharge. The spark gaps are set to discharge at a 
pressure suflTicicntly above the line voltage to prevent unneces- 
sary discharges, aii<l yet not so higli as to allow insulation to be 
injured. Choke coils are provided between the apparatus and the 



rii; L'l (iiililiMir Tv|X' >11 Aluminiun l.iKlttimi,' r 


discharge gaps so that high-l’requeiicy discharges such as are set 
up by lightning will be choked back and .sent across the gajw 
instead of entering the windings. 

For the less important substations the lightning-arrester 
equipment must be inexpensive and usually is best placed out of 
doors. For such situations it Is often combined with the pole-top 
switching facilities in some form similar to that shown in Fig. 23. 
The discharge gaps are provided with flaring rods along which 
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the power arc rises until it is attenuated tu the breaking point. 
If suitable resistance is provided the line will not be oi)encd by 
the ordinary discharge, and no damage is done to the equipment. 

Electrolytic Type, Large substations usually justify the best 
form of protection which can be provided, and this is found in 
the electrolytic form of lightning arrester. This arrester, Fig. 24, 
consists of a stack of cones of aluminum in a tank of electroijiic, 
the number being fixed by the voltage of the line, with a resist- 
ance in the ground connection. The tanks are connected from 
each phase to a neutral point. If the neutral of the system is 
grounded, the arrester neutral is carried to ground through the 
resistance, but if not, another tank is intcTposod between the 
arrester neutral and ground, thus making four tanks in all. The 
eleetrol,\tc is covered with a layer of f>il to retard evaporation. 
The tanks are not connected directly to tin* line Init have an air 
gap ill the circuit to prevent a continuous How of energy, which would 
cause heating. The iirineiple on which trie arrester ac*ts is that 
the aluminum oxide permits current to How in only one direction. 
Hence the lightning discharge can pass to ground but the flow of 
fwiwer curn'nt is quickly stopiKsl. However, in order to insure 
the film of oxide being always rc»ady for service, the arrester must 
be charged by closing the air gap for a few seconds each day, 
thus renewing the film. This requirement, with the higher first 
cost, makes it necessary to limit the use of the devicx^ to situation.') 
where an operator may visit the in.sta1Iation daily and where the 
value of the substation equipment and the imixirtance of the 
service an* great. 

The electrolytic arrester has a higher discharge capacity than 
the spjirk-gap type, and hence can take care of a wider range of 
high-potential discharges. How-cver, eases have been known where 
strokes in the immediate vicinity have plaei*d so severe a duty 
upon the arrester that the cones have lieen burned through and 
their usefulness destroyed. But it is not to be expected that any 
equipment will be able to withstand the force of a direct stroke 
in the immediate vicinity of the .substation, and fortunately such 
strokes are not of frequent occurrence. 

Oxide Film Arrester, The fact that the electrolytic type of 
lightning arrester requiix's charging daily and is subject to freezing 
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at lower temperatures led to the development of an arrester known 
as the oxide film arrester, Fig. 25, in which the general principle 
of action is the same but the electrol^'tic medium is not a liquid 
but a gelatinous material built up in discs with the required 
number in series for the voltage .of the line. The use of a non- 
liquid material obviates the necessity for daily charging since the 
film of aliiiniimni oxide is not dissolved by the electrolyte as it is 
in the electn)Iytie arrest<‘r. The use of oil is also unnecessary, 
rerhieing the fire hazard in case of a direct stroke. A single disc 
is shown in Fig. 25. while Fig. 26 shows the method of securing 

greater resistance by increasing the 
number of discs through which the dis- 
charge must pass. An outdoor type of 
arrester is sho\ni in Fig. 27. 

The oxide film arrester has not 
b(Hm through a sufficient number f)f 
years of service to bring it to a final 
stagtj of development, but the service 
records thus far indicate tluit it will 
jwobably siipi>Iant the electrolytic type 
of arrester in the? course of time. 

Ground Wires. It is not fca.siblc 
to jwotcct insulators by lightning ar- 
resters, since tin* arrester is more likely 
to be a cause of trouble than the insu- 
Iatc»r, but the line can be protected, and 
usually is, by the installalion of a galvanized or copper-clad .stet;! 
cable above or at one side t)f the line coiuluetors as a ground 
wire. This cable is connected soliilly to ground eontwetion at 
intervals of about one-Jialf mile, thus making a sort of ground 
shield which tends to limit the accumulation of high-})otentinl 
charges upon the line conductor. 

On pole lines it is often carried on a “bayonet” attached at 
the top of the pole, thus placing it symmetrically with reference 
to the line conductors. This scr\Ts for two circuits as well as 
one. On steel structures it is carried above the line, also, but 
where suspension insulators are used in a vertical arrangement 
tlie spacings are such that it is usiinlly considerc*d necessary to 



Rb. 23. Uiiif Cell of ilxiile Rlii 

LiKhtiiiiiB 
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have a separate ground conductor above each circuit on two 
circuit lines. Copper-clad steel is used where greater permanence 
is desired, its life being longer than that of galvanized cable. 



Kin 2ti TyiM'rt Ilf UxkIl* Film LmlitiiiiiK Arri'ulerii »itli (‘nvvrs iliMiuivnl KiUiiik- .Wi-0.»i), 
!NN)-l.‘rji), aiid \oItic. Foi Alrpni.itiiiK m t ('iirri>iil 


Discharge Points. For the protection of suspension insula- 
tfjrs from injury at the time of a flash-over it is usual to provide 
metal points or rings projecting from the unit at •each end of a 



Fig. 27. Plior- Section of l.'i,000-25,000-Volt 0»iltIiH>r Lightning Arrentpr with Siiii* of 

UouHiiig Uviuuvnl 


String, so tliut the arc will be formed between metal terminals 
and will not form on the edge of porcelain petticoats and break 
them. This is also done to some extent on the larger sizes of 
pin-type insulators and is effective in reducing the number of 
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insulator failures. The principal objection to this plan is that 
when a discharge occ'iirs it usually draws enough (Mirrent to open 
the circuit brc’akcr, thus causing a short interruption of service. 
These are likely to be more frequent where discharge points are 
used than where they arc not, but, on the other hand, a broken 
insulator may cause a much more extended interruption. 

TRANSPOSITIONS 

General Problems. Where transmission lines are parallel to 
other lines for some distance it is often found desirable that they 
Ih* transposed. A threc-pha.se line is transposed by interchanging 



I I I I I I I I I I I I 

Fig. 2ii. Tratapoiatiou Diagram of Ten Tno-Wirp Cirruito to Redun; Mutual Inductance 


the position of two of the wires in such a way as to make oiie- 
third of a spiral of the line. Two repetitions at suitable inter- 
vals make a complete spiral, and if the sections are of the proper 
length, the electrostatic and magnetic unbalance resulting from 
unequal separation of the phases when not transposed may be 
neutralized. 
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If there are only power lines involvefl, the effect on the oper- 
ation of the lines is not great in most eases, an unbalanced charg- 
ing current and pressure sometimes being observed. 

Concerning Telephone Lines. ^Vhe^e telephone lines are con- 
cerned the inductive effects are very marked and must be neutral- 
ized by a careful system of transpositions. The transpositions 
in the telephone line are usually sufficient without putting extra 
transpositions into the power line, but when* tlwre are transpo- 
sitions in the power line, the arrangement and location of the 
transpositions in the ti*lephone line should be co-ordinated with 
those in the power line, in somewhat the manner shown in P'ig. 
28. This represents the transposition effected in ten two-wire 
circuits carried on two crossarms below or at one side of the 
pow'er line. 

Where tlio telephone lines include phantom eirdiits, as is now 
common in long-<]istance lines, the transpositions become very 
complex and the co-ordination of the trans]K»sitions of the powder 
and telephone sy.stcios is indisixMisuble to .satisfactory operation of, 
the te lephone .system. 

Steci-lower Lines. 'J'he problf*m of transposing steel-tower 
lines W'ithout jiroducing un.safe clearances is such tJiat spi'cial towers 
are often nece.ssary at tran.spositioii point.s. This involves great 
exjHjnse if the nece.ssity of intnHiucing the tran.sjH>.sition tower 
arises after tlie line is built, and in such fuses it is imiK)rtant that 
all available means of transposing the telephone lines be tried 
before resorting to transi)osition of the power line. 

LINE CROSSINOS 

Safety of Lines, 'i'he jjoints at wdiich transmi.ssioii lines cross 
other lines of overhead wdres an* eon.sidcred liazardous when the 
lines crossed are used for communication purposes. This is 
due primarily to the fact that telephone, telegraph, and train- 
dispatching circuits employ low voltages and are not insulated 
sufficiently to prevent breakdown ivhcn subjected to transmission 
voltages. Protective fuses are used to guard against crosses with 
voltages below 7500, but such protection is not practical at higher 
voltages. It is therefore customary for telephone and railroad 
companies to specify in detail the character of transmission-line 
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mnstruction which shall be used in making crossings over their 
lines. 

National Electrical Safety G>de. This matter was the subject 
of extended study and discussion for some years on the part of 
the power and communication enpnccrs (whose interests arc con- 
flicting) until the IT. S. Bureau of Standards took up a study of 
the safety of lines. With the co-operation of engineers represent- 
ing all the interests involved the National Electrical Safety Code 
was drufti'd and issued for trial and constructive criticism and is 
rapidly taking the place of other specifications drafted by the 
various railroails and communication companies. 

The general principles upon which these rules arc based are 
as follows: 

llic power line, boiiiK of larger conductors and generally the strongej-, 
shall be carrh'd above tho communieatiun circuits. 

Tlie power-line construction shall I i mwle strong enough to stand up 
under the worst conditions of weather which an* likely to he e.vperiencc‘d. 

Till* elcaniiicos above tho coininunicatiou line's shall be such that they 
cannot become crossed when loaded with sksit. 



Fis* <20. Cunatrurtiuii at CruRsinff ovpr Other I.iiii-k 

Some of tlic priiicipfd requirements for lines of t»vtT 7500 
volts at crossings are as follows: 

The strength of the conductors and their supi)orls must bo siicli that 
when loaded with ice i inch in radial thickness and subjtjci to a wind pres- 
sure of 12 pounds per s(|uurc foot at a temiK'raturt' of t)" F , tho eondiietur 
uiulerial shall not be stressed to more than 50 per cent of its ultimate breuk- 
iiig stress. 

'I'lui poll's and towers must also have suflicient strenglh to \\ithstand a 
12-pound wind pressuro with the conductors luadeil with j-inch ice. The 
Ijolos, towers, and pins must bo strong enough to witlhstand the unbalanced 
tension of tho line in case all the wires in tho span arc broken. 

Hoad guys must be used at each side of the crossing, Fig. 2f), and w'ith 
heavy conductors or long spans it is usually necessary to use strain insulators 
of the Husix'usion type instead of pin insulators. Where side guys cannot be 
used, the poles or towers must usually be of the self-supported type. 
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TABLE X* 


Sag at 60** F. for Medium- and Hard-Drawn Bare Copper Wines 
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Ml (‘orihl ruction over coiiiiniiiin'ntion wires must ho of the highost Knulo, 
(villctl (irmIo a, iinil tlio siiino must bo us(‘(l for heavy loodinK (except in 
states boi*l(‘rinK the CJulf of Mexico nnd tlio Pacific Ocean where sh'ot «lo<»s 
not occur). Ht'uvy lo:uling nssuineu | inch of ice and an S-pound wind 
pressure at 0® F. for wire tensions and a 12-pound wind for transverse 
stressj's on ])oles ami towers. 

1’he saj; at (M)® F. must not be less than the values given in Table X, 
these values being based on a tension at heavy loading Avhich will not exceed 
.50 pi'j* cent of the bn-aking strength of tlu* conductor. These limits an* 
such that Xo 4 soft copper, or No. 8 hard copper, or No. 1 aluminum is 
th(* smallest size which can be used for ooiiducturs in a crossing. 

*Thc vuIucH iu Table X hIiduIi! not be KOHitlv (‘xm>ded .is there would be dunovr of 
boi'iiniinix erfiMw>d throiii'ii exM-nivi* iilm>tviieiw at Iiivlipr ti'iiipprat iirm 
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Crosaarms and pins must havo a strength sufficient to withstand the 
unbalanced pull to a maximum of 700 pounds. If the tension is greater than 
this, the arms must be doubled and strain insulators used instead of pin- 
type insulators. 

Poles roust not have a stress of over 50 per cent of the breaking strength 
of the fiber when subjected to the assumed heavy loading conditions. They 
must be replaced when their strength has been depreciated by decay to two- 
thirds of initial strength. 

CloaraiicTs must be maintaincxl as follows: 


From Wires 
at 

750-7500 volts 
"oOO-.'iOOOO volts 
Over 50000 volts 


To CommunicsOon 
Circuits 

4 feet 
6 inches 
Add 


To Guya, Mes- 
spDgera, etc. 

2 feet 
4 inches 
inch Dcr 1000 v( 


To Other 
Electric liiiicsi 

4 feet 
6 inches 
above 50000 


With suspension insulators sufficient space must be added so that if 
the wire in an adjoining span should break, the clearances in the crossing 
span would not be reduced below 75 {lor ctMit of normal amounts. 

The clearance bctw<M?n wir(« of opposite polarities in the same circuit 
shall be 12 inches plus 0.2 inch for each 1000 vidts above 7500; from con- 
ductors to guys or wires run vertically I'n the siune pole, 0 inches plus 0.2 
inch for each 1000 volts above 7500; and from conductors to (xiles, towers, 
or crossarms, 3 inches plus 0.2 inch for each 1000 volta above 7500. 

In Ihc case of conductors carried on suspension insulators in such a 
way as not to prevent lateral movement under transverse stresses, the clear- 
ances from the conductors to the tower, (mle, or other conductors must be 
increased by } the length of the suspension insulator string. 

In railroad crossings the clearance above the rail must be 28 feet for 
circuits under 15, (XX) volts, 30 feet for circuits of 15,0(X) to 50,000 volts, 
and an additional I inch per 1000 volts above 50,000 volts. 


SECTIONALIZINQ SWITCHES 


Locating Trouble. Branch lines and lines which are arranged 
so that they can act as a reserve for each other are commonly 
provided with means for disconnecting and connecting at junction 
points to facilitate the resumption of service on the portions of 
the system which are not in trouble. In case of taps the switch 
is useful in testing to locate trouble and in resuming service after 
the trouble lias been located and repaired. At junctions the 
arrangement of switches should be such as to permit ready 
determination of the tap on which the trouble Is located. These 
conditions iimy l)e readily met by the use of knife switches 
mounted on insulators suitable for the voltage and operated by a 
liandle from a point below the wires. There is rarely any occasion 
to open these switches while they are carrying load, and an air- 
break is therefore sufficient. Where there may be occasionally a 
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small current, such as the exciting current of transformers, to be 
broken, the switches are equipped with horn gaps to break the 
arc and save burning the contacts. The switches used for this 
class of service are illustrated in Fig. 30. 

Some of the ways by which interconnected transmission sys- 
tems may be equipped to facilitate operation and rapid resumption 
of service are shown in Fig. 31. In the case of trouble while sub- 
station 3 was being carried on the east line, the patrolman would 



be sent to the junctij)n on the east line and instructed to open 
the switch in the main line. When this was reported done, the 
operator would have the main line made alive. If the trouble was 
still on, he would know it must be at some point A on the main 
line between the junction and the station. He would then 
arrange to have a man proceed to the junction on the west line 
with instructions to close the switch on the tap going east, which 
would make alive substations 3, 4» and 5, putting all the load on 
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the west line. If this was known to be too much for the west 
line, the switch to 5 or 4 might first be opened, leaving part 
of the load off until the cast line could be repaired. In a simi- 
lar way trouble at any other point on the system could be handled. 

If the substation is a small one and docs not justify the 
expense, a single swdtch is installed by which it can be cut off in 

Q-V ^ 


2 




/ V. 


T 




N 

A5 


[ ^ IZ I 

Fig. 31. Use of S<Hrtioualiiiiig Switohm 

case it or its tap line is in trouble. If the substation is an 
important one, it should be equipped with three switches at the 
junction so that it could be supplied from either direction in case 
of trouble anyw'here on the west line. 

Disconnectives are usually provided for lightning arresters and 
transformers so that they may be reached for repair work without 
interrupting service on the other parts of the system. 

RO 
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INTERCONNECTION OF SYSTEMS 

Advantages. The advantages of interconnecting the lines of 
a given system to provide increased reserve facilities and thus 
greater reliability have been extended in recent years to the inter- 
connection of adjacent systems of different companies. This has 
been done in some cases even where the companies were com- 
petitors in parts of the territory. 

The advantage of sych an arrangement is mutual since it 
enables either company to draw a portion of its supply from the 
lines of the other company at times when the other company has 
station and line capacity to spare. This may occur, for instance, 
when the company re(]uiring assistance has a line down, with no 
reserve supply available, or a generator out of service for over- 
hauling and not sufficient capacity to carry the load at certain 
hours; at such times it may draw the required supply from the 
other system. At other times the conditions may be rt*verscd and 
the power is returned. If the use of the e.xchange facilities is of 
approximately equal value to each company, the energy is 
cxcliaiigc*d at equal rates, but if the exchange is more advan- 
tageous to one company than to the other, the energy is metered 
in each direction separately and the charge computed according 
to the readings. 

In some cases one system may have a summer peak and the 
other a fall or winter peak. Interconnection makes the reserve 
capacity of both companies available for peak purposes under 
these conditions. This is of particular value in the case of water 
powers, where there may be differences in the storage supply 
during different months of the year. The use of an intercon- 
nection between two s^-steins tends to improve the load factor of 
both systems, and thus is an economic benefit to both. 

Construction. The construction of interconnecting lines fol- 
lows the same general principles which detennine the character of 
other transmission lines. In cast's where the voltages of the 
system are the same the connection is accomplished through a 
switching tower at a point convenient to both. If the voltages 
arc different, transformers must be introduced to bring them 
together, and this involves a substation installation, which is 
likely to be of the outdoor type. 
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OPERATION AND MAINTENANCE 

Control of System. The operation of transmission lines is sim- 
ple until the system becomes interconnected by tie lines and loaded 
with taps or loops at various points. Under these conditions it 
has become the general practice to place the control of the entire 
system under a system operator, often called a “load dispatcher** 
because of the similarity of his duties to those of the train dis- 
patcher of a railroad. 

In such a system the position of every circuit-breaker and 
disconnective on the transmission system is indicated on a large 
diagram occupying one wall of the di^atcher’s ofRce. The 
switches are marked by colored pins to indicate whether closed or 
open and whether the lines on each side of an open switch are 
out of phase or in synchronism with each other. The position of 
each switch is kept continuously recorded by telephone reports 
from substation operators and patrolmen. No switch is opened 
or closed on any line w'ithout notice to the load dispatcher, and 
in man^ ca.scs switches are not to be operated except by the 
direct order of the dispatcher. 

These precautions apply both to switching for repair and con- 
struction work and to switching for emergency operating condi- 
tions and are very necessary f(»r the protection of the apparatus 
and property of the company as well as for tlie safety of employes 
who depend upon the accuracy of the central authority for their 
safety in working on lines. 

The system operator is also charged with working out a daily 
schedule of line loads w'hich will be most economical and to adjust 
the daily routine as circmnstanccs may require. 

Inspection. An important part of the of^eration of overhead 
lines is the periodical inspection of the line by patrolmen. In 
some cases this is done daily, but usually a weekly or bi-weekly 
inspection is sufficient. This, however, is dependent upon weather 
conditions, and it is considered necessary to patrol as soon as 
possible after a lightning storm or a high wind for the purpose of 
discovering incipient trouble. Some of the things which are dis- 
covered before they have caused an interruption are cracked insu- 
lators, broken pins, burned pins or arms, limbs hanging on the wnre, 
kite strings, bale wires, and similar potential causes of trouble. 
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The discovery of defective insulators is often not possible 
without the aid of a testing device. Various forms of testing 
equipment are used but the most common is what is known as a 
megger, which is a device using a telephone receiver as an indi- 
cating instrument. It is readily portable and can be used on 
either suspension- or pin-type insulators. 

The necessity for a testing device is greater on the higher 
voltages as the probability of failure from insulators which are 
only slightly defective is much greater on the higher than on the 
lower voltages. 

In some of tlie larger systems where the continuity of service 
makes it difficult to take sections of line out of service for repairs, 
tools and methods have been worked out by which insulators, 
pins, and crossarms can be replaced with the line alive and carry- 
ing load. This is done without excessive risk to linemen or to 
the continuity of service on lines operating as high as 66,000 \olts. 
The tools are insulated by long w-ooden handles carefully impreg- 
nated and provide for holding tlie wire clear while it is free from 
the insulator and for attaching and detaching the wire fastenings, 
insulators, and other parts which may need ri‘pla(‘ement. 

The patrolling of lines on highways is usually facilitated by 
the use of suitable means of transportation. Along railroad rights 
of way in many cases inspections cun be made from a train to 
advantage. Lines running acn^ss country must be patrolled afoot 
or by horse if they are not accessible from adjacent highways. 

The frequency of inspection is largely governed by the 
importance of the service, the reserve available by other routes, 
and the character of natural hazards such as trees, exposed hill- 
tops, and the like. 


RIGHTS OF WAY 

Selection of Route. The selection of the route for a trans- 
mission line involves various considerations of a practical nature. 
At lower voltages the usual practice is to follow public highways 
or secure rights parallel to, and just outside of, a railroad right 
of way. 

The use of highways is generally limited to pole lines at 
voltages under 50,0(X), as space for towers is not available. The 
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consent of the constituted authorities and, in some states, of the 
owners of a majority of the frontage of the abutting property is 
required. The highways are often occupied by local and long- 
distance telephone lines, which tend to introduce complications at 
crossings and may become tlie source of complaints of inductive 
interference. In the selection of highway routes those occupied 
by telephone lines should therefore be avoided as far as possible. 

Where lines arc run parallel to a railroad, it is usually possible 
to secure a more direct route than where highways are followed. 
Such routes are in some cases not purchased outright but arc 
taken in such form as to include right of access for construction, 
repair, and maintenance work without depriving the owner of the 
use of the land for agricultural purposes. This plan is used where 
the value of the land is high and the ow'ner does not wish to 
sacrifice its prodiu'tive p<jwer by {-riling it. 

In n)ugh country where the surfaci^ is not valuable it is 
usually preferable to purchase the right of way for important 
lines. This can usually he done in such a way as to make an 
approximately straight line. Highways in such country are not 
numerous and, being made to conform to the topography, are 
laid out in curves which, if followed, would add materially to the 
length. 

The right of w'ay in wooded country should be wide enough 
to obviate damage from trees falling near the edge of the right of 
way. In most cases a width of 50 to 60 feet is necessary for 
a single line of poles or towers. If two lines of towers are on the 
same right of way, it should be 100 feet wide. 

The right of way is qlcared of all trees and obstruction and 
is sufficiently graded to provide a rojid for the use of con.-truction 
crews and patrolmen. If tower lines arc used, it is necessary to 
have a private right of way in order to secure the necessary space 
for foundations and to permit the use of broad-base structures. 

UNDERGROUND LINES 

Cables. In the delivery of power from generating stations to 
substations in the larger cities it is usually necessary that the 
lines running into the more congested districts be placed under- 
ground. In other cases it is desirable to put part of a line 
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underground, as in crossing a navigable river or in entering a 
large industrial establishment in which the buildings are closely 
arranged. For such underground construction lead-covered cables 
have been found quite satisfactory and arc generally used. 

If the general distribution system requires the presence of a 
conduit system, this is used for the transmission cables as well. 
In case there arc several lines going in the same general direction, 
it is desirable to build a conduit line for the transmission lines, 
if necessary, in order to secure the advantages of a draw-in 
system in making repairs; where there are but one or two cables 
and no conduit system exists, the cable is provided with an armor 
of steel wire or tape over the lead sheath to protect it from 
mechanical injury. The cable 
is then laid in a trench in the 
bottom of the stream, or in 
the earth, as the case may 
he. Such construction is not 
desirable where tlie cable must 
l)e laid for any considerable 
distance under the i)aving, a 
roadway, or a sidewalk. 

If there is a probability 
that cxc*avations may be made 
across or along the route of 
the line from time to time, the cable should be further protected 
from possible injury by a pick by laying a plank above it. This 
serves as a warning to subsequent excavators, and thus obviates 
unintentional damage to the cable. 

Ctmrs for Cables. The majority of the transmission cables in 
American cities are in conduit systems and consist of three con- 
ductors insulated with oiled paper and encased in one lead sheath. 
Fig. 32. 

The individual conductors are wrapped spirally with strips of 
oiled pai)er, a sufficient number of layers being applied to insulate 
for the voltage to be used. These conductors are then grouped 
with the necessary jute filler to make a circular cross-section, and 
an outer belt of oiled paper is put around the whole. The lead 
sheath is applied by passing the insulated conductors through a 
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Fir. 32. Sei*tion of Polyphase Cable 
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lead press which applies a sheath having a thickness of about 
i inch. 

Formerly the oils used for impregnation of the paper were 
derived from compounds of rosin, but in recent years it has been 
found that certain mineral oils are preferable to the vegetable oils 
obtained from rosin. The principal advantage of the mineral oils 
is that there is less dielectric loss in the cable. At the higher 
voltages (above 13,000 volts) the charging current of the cable is 
high, and there is a sufficient loss of energy in the insulation 
acting as a dielectric to raise the temperature of the cable. The 
dielectric loss increases with rising temperatures, so that if a cable 
is loaded heavily, the heating effect is cumulative, and above a 
certain critical point the tempcirature continues rising until the 
insulation is cliarred and the cable breaks down. With mineral 
oils the critical point is higher, and the cables may be oper- 
ated with safety at heavier loads chan with rosin oils. 

Rubber is not suitable for use on high-voltage cables, as it is 
not so easy to apply uniformly as is paper or cloth and does not 
retain its insulating qualities so well. It is also more expensive 
and is rarely used for transmission lines. 

Varnished cambric has found a field of usefulness in cable 
insulation, as it is less ready to absorb moisture than oiled pafjer, 
and it has been used to some extent where there was likelihood 
of moisture reaching the insulation at terminals or elsewhere. 
In most cases, however, if cables arc provided with proper pot- 
heads at terminals and w'ith wiped sleeve joints, there is little 
danger of moisture entering the cable and pa|)er cable is there- 
fore very extensively used. 

Graded Insulaiwn. For voltages above 20,0(K) the insulation 
is best applied in the form known as graded irmdatinn. For the 
layer next to -the conductor a highly insulating substance, such as 
a fine grade of rubber, is used, and for the outer layers a lower 
grade of rubber or paper with a lower dielectric strength. Thi.s 
practice is based on the fact that the fall of potential is more 
rapid in the immediate vicinity of the conductor than at points 
farther from its center. 

The use of graded insulation reduces the total thickness of 
insulation, as compared with that required if it is computed on 
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TABLE XI 

Thickness of Insulation on Ungraded Cables 


Vdts 

ThiekiiflaB 
Each Conductor 
(in.) 

Over AU 
(in.) 

7000 

A 

A 

10000 


sS 

13000 



17000 

A 


20000 

/c 

.•a 

25000 

12 

A 


the basis of a given number of mils per 1000 volts evenly dis- 
tributed. The thickness of insulation on ungraded cables is 
dependent somewhat on the characteristics of the paper and oils 
employed and varies somewhat with different maiiiffacturers, but 
the values given in Table XI are a fair average. 

Corrosion of Cable Sheaths. Where cables are subject to 
corrosive action on the lead sheath, as from alkali in the soil or 
from other destnictive agents, the pn>blem of maintaining service 
sometimes bc(X)mes quite difficult. In tlie case of electrolysis 
relief is had by bonding the cable sheaths to water piping by 
heavy coj)per cables, thus reducing the difference of potential to 
a point below the danger line. In the case of i.solated sections 
this is sometimes not practicable, and a measure of protection is 
gotten by insulating sections of the cable sheath from each other, 
thus breaking the continuity of the circuit. 

Where cables arc laid directly in the soil, there are apt to 
be sections which are in alkali or cinders or other destructive 
media. In such cases the u.se of the tyi)e of insulation known as 
“Kerite” lias been found of value. This is a secwtly made com- 
pound of rubber and other material w^hich withstands the action 
of corrosive elements and lasts remarkably well under exposure to 
the weather and to underground conditions. It resembles rubber 
and is splievd in the usual way. It can be used without lead 
sheath in the earth or in ducts at voltages of 2UUU to 13,U0U 
without showing the oxidizing effects which ave found in rubber 
insulation as ordinarily made. It is somewhat more expensive in 
first cost than lead-sheathed paper cable. 
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Jointing. The jointing of transmission cables must be done 
with care and by one who is well trained for the work. For this 
reason some manufacturers are prepared to install and joint the 
cable, turning it over to the user ready for service. 

The joint between conductors is made by sleeves of such 
outline as to have no sharp corners which iniglit act as discharge 
points and thus l)ecome the incipient cause of a burnout. The 
wrai)ping of tape over the sleeves should be closely made so as 
to avoid air spaces in the joint. After the insulation has been 
applied in quantity sufficient to be equivalent to that of th(^ 
cable, a lead sleeve is wiped to the cable sheath and the air space 
carefully fill(»d with a high-grade insulating compound. The vari- 
ous operations are illustrated in Fig. ,S3. 




No.S 



Fig. 33. OperatioDB in Jtniiting n Thrpp-Coiidiirt,itr Cable 


If a tap is made, as is sometimes necessary, the cable is 
joined at an angle so that the sleeve when completed makes a Y 
joint. This facilitates the training of the cable and reduces the 
liability of damage to the joint while placing the cable iftcr the 
compound in the joint has cfuded. 

Protective Equipment, 'i^he effect of lightning is not felt in 
underground lines, except whcr<‘ they arc brought uj) a pole to 
connect to an overhead scctifm. At such points a lightning 
arrester should Ixj provided on the overhead line to prevent 
injury to the cable. Short lengths, such as river or boulevanl 
crossings, arc more susceptible to damage by lightning than longer 
sections and should be protected at each end. 

Where two or more underground lines are operated in parallel, 
it is necessary that they be protected by suitable relays. In cast* 
a fault develops in one cable, there must be a system of control 
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which will cut out the faulty cable at each end without inter- 
rupting the supply to the cables which are not defective. This 
is accomplished by relays at each end of the line which are so 
arranged as to open the circuit breaker at the supply end on 
overload and to open the breaker at the substation end when 
energy flows in the reverse direction. 

The arrangement of lines in connection with several substa- 
tions often takes a form shown diagrammatically in Fig. 34. 
"J'lien^ arc radial lines and tie lines in sii(‘h a combination, the tie 
lines being those which interconnect the substations. 




Fiff 34. Interconnected Transinistiioii System 


Tlic tie lines are used for energy flowing in either direction 
as (»peratiiig conditions may require. Their function is to permit 
even distribution of load and to provide reserve capacity in case 
of failure of any of tlie radial lines. The tie lines arc protected 
by rcla:k s which are set to open when the current reaches some- 
thing over twice full-load curixuit. The settings of all rtdays are 
made high enough to open only w'hcn there is a short-circuit 
drawing several times the amount of normal rated capacity of 
the cable. It is not desirable or necessary to set relays low 
enough to protect against overloads in normal operation, as there 
is a tendency for them to operate when no emergency exists, 
thus causing unnecessary interruption of service. 
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Reliability. The reliability of underground lines is materially 
better than that of overhead lines, as they are not subject to 
weather conditions, storms, etc., and when well installed rarely 
give trouble owing to defects in the cable system. Such defects 
as occur arise from damage done by mechanical injury, by elec- 
trolysis of the lead sheath, or occasionally by burnout under 
overload, but all these can be held in cheek without serious 
difficulty and at less expense than is involved in maintaining 
overhead lines. 

For loads of 2000 kilowatts and larger and at the distances of 
less than ten miles prevailing in large cities, the investment in 
underground lines is not excessive and is fully justified by the 
increased reliability thereby attained. 

Transmission in Future. The tendency of transmission lines 
has ever been upward: upward in ^'oltage and upward in carrying 
capacity. In the beginning of this phase of electrical development 
lines at 10,000 volts and having a capacity of less than 50(X) 
kilovolt- am|)crcs were considered advanced practice. Since 1893 
voltages have gone from 10 kilovolts to 20, thence to 40 and 60, 
and in recent years to 110 and 150 kilovolts. At the latter 
pressures the carrying capacity of the lin(?s has approadicd 50,000 
kilovolt-amperes. 

With the development of central-station s,\'stems to a point 
w’here practically all the power requirements of a community are 
served by them, loads of 50,000 kilovolt-amperes are becoming 
increasingly common, and the conditions favor the use of lines of 
greater capacity and higher voltages. This tendency is furthered 
by the fact that as voltages go higher the distances of transmis- 
sion may be increased and the area served by a line may become 
correspondingly greater. 

Accordingly, engineers are studying the practical design of 
lines to operate at 220,000 volts and to have a capacity of 100,000 
kilovolt-amperes or more. While such lines are not likely to be 
numerous, the realization of this dream of the power engineer is 
not far in the future. 
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GENERAL FEATURES 

Function of Distribution Systems. Kh^ctrical ciistribiition 
systems have been developed as a means of delivering electricity 
from tlic central station where it is produced to the priints of 
consumption in the users’ premises. Distribution systems an* 
used in large industrial concerns to supj)ly the various buildings 
with light and jjower, ami in recent yc'ars they have been extended 
to rural CTjnim unities where electric service is assisting the farmer 
in his work. 

Where users of electricity are grouped together' in cities or 
t«>wns, it is more economical to supjdy their rccinirements from 
a central .source of supply than frt»m st^vcTal small isolat(*d ])lants. 
There is enough saved in the cost of the station to pay the cost 
of installing the distribution system, and the small consumer is 
thus able to secure from a central station system electric scrvic^^ 
which he could not afford to have if he had to buy his own 
generating equipment. 

The capacity of the centra! power plant is much smaller 
than the aggregate caj)acity of a large number of small isolated 
plants would be, since the corsumers’ hours of use vary greatly, 
which reduces the h)ad on the central station to a small fraction 
of the aggregate load that would be j>laccd on the power plants 
of iiiflividual users if each had his own plant. The reduction in 
the cost of energy in recent years has Tcsulted in the abandonment 
of many isolated jdants of considerable size, and distribution 
systems have had to be modified to include lines of larger capacity 
than were formerly usc<l. 

PROPERTIES OF CONDUCTORS 

Metals as Conductors. All metals are conductors of elec- 
tricity, but each has its own characteristics of resistance, tem- 
perature coefficient, and mechanical strength. 
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Copper, being among the best conductors and sufficiently 
plentiful in nature, is the metal most commonly employed for 
distribution work. Because of the low specific gravity of alumi- 
num it is used in transmission w'ork to some extent. Iron is used 
as an electrical conductor for rural lines; in railway work where 
the rails oarrj’ the return current to the power house; and in 
third-rail systems, the supply to the motor cars being so carried. 

Area of Cross-Section. The area of the cross-section of a 
wire is commonly measured in circular mils, 1 circular mil repre- 
senting the area in square inches of a wire having a diameter of 
0.001 inch, or 1 mil; that is 

1 cir. mil. =-^cP= 0.785 X (0.001)* sq. in. 

The area of a conductor 1 inch, or 1000 mils, in diameter is 
therefore 10(K)-, or l,(MM),rxX), circular mils, and a conductor having 
a diameter of 0.5 inch has an area of 250, (X)0 circular mils. 

Wire Gages. A wirci gage consists of a series of numbers 
used a^ a means of identifying the various sizes of wires. The 
gag(‘ numbers arc made intelligible by a table giving the diameter 
of each size, the weight jjcr l(KK) feet, the feet per pound, and, 
in the case of wires used as clectrit;al conductors, resistance data 
j)er KXK) feet, etc. In earlier >cars the different manufacturers 
adopted their own wire gages, which did not exactly agree. 
Tims the makers of steel wire had one gage and the makers of 
copper wire a different one. 

Sit’d Wire Gage. The Washburn & Mwn gage was estab- 
lished in 18110 for use in the manufacture of iron and steel wire. 
The American Steel an<i Wire Conii)any, !ii)on absorbing the 
Washburn & Mwn Company, adopted its steel ivire gage and 
gave it the name of the new company. In 1912 the U. S. Bureau 
of Standards made a complete study of wire gages. This report 
showed that the great majority of steel wire was being made in 
accordance with the American Steel and Wire gage and that this 
gage ivas quite wxdl adapted to the purpose. It recommended 
this gage therefore as the “steel wire gage’* for the United States, 
and the American Institute of Electrical Engineers adopted this 
name as standaixl. Another gage which is used to a limited 
extent is the Birmingham, or the Stubs, steel wire gage. 
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TABLE I 

Comparison of Wire Qages 


No. 

Steel Wire 
(W.ft Moeo) 

Amerirati 

(B.&S) 

Diriuingham 

(Stubs) 

000000 

0.461 



00000 

0.430 


. 

0000 

0.303 

0.460 

0.4M 

000 

0.362 

0.4096 

0.425 

00 

0.331 

0.3648 

0.380 

0 

0..307 

0.3240 

0.340 

1 

0.283 

0.2S93 

0.300 

2 

0.263 

I 0.2.576 

0.284 

.3 

0.241 

0.220-1 

1 0.250 

4 

0.22.5 

0.2043 

0.238 

5 

0.207 

0.1819 

0.220 

6 

0.192 

0.1620 

0 203 

7 

0.177 

0.1443 

0.180 

8 

0.162 

0.128.5 . 

1 

0.16.5 


American Wire Gatjc. The AnuTicuii wire pa|;e (A.W.G.) is 
used exclusively in America f<ir wires intended for use as elec- 
trical conductors. It was devised by the Brown & Sharjic Man- 
ufacturing Company in 1857 and is often referred to as the 
B.&S. gage. The American Institute of Electrical Engineers 
adopted this gage as standiird under tlie name “American wire 
gage,” and this is the term now used l)y niamifa(>turers of elec*- 
trical wires in designating their out])ut. 

This gage is based nj)on a simple fornmla which gives regu- 
lar gradations in size from largest to smallest. The sizes grow 
smallej in diameter as the numbers grow larger, thus following 
tlie wire drawing pna-ess in a general way. The diameter of any 
wire in the scries is 2.005 times the diameter of the sixth size 
smaller. Thus, No. 0 has a diameter 1.1221) times that of No. 1 
and 2.005 times that of No. 0. In areas the ratio of any size to 
the next smaller size is 1.261, and any size has 2.005 times the area 
of the third sinuller .size. The area of No. 0 is 1.261 times that 
of No. 1 and 2.005 times that of No. li. 

The diameter of wires in inches in the steel, the American, 
and the Birmingham wire gages are given in Table I. 

Edism Gage. In laying out Edison low-tension mains and 
feedem, it developed that sizes larger tlian the largest gage num- 
bers would be common. Edison therefore designated conductors 
by the number of thousands of circular mils of area. Thus a 
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c'ondurtor having an area of 100,000 circular mils was called a 
100 conductor, one having 5fX),(X)0 circular mils was a 500 con- 
ductor, and one having 1,000,000 circular mils a 1000 conductor. 

Stranded Cables. In the larger conductors the rigidity is so 
great that it is necessary to subdivide them into a .sufficient num- 
ber of strands to give the neccssiiry flexibility. The strands arc 
arranged in c*oiieentric layers about a central core, or they may 
consist of a “rope lay” made by combining several smaller cables 
as shown in Fig. 1. The rope lay is not used generally for elec- 
trical conductors, its use being limited to e.vtra-flexible cables. 

Resistance. The resistaiu'c of a <‘onductor de^icnds upon 
three things: the metal of whic*h it is made; tlie method of 
manufacture and purity of the metal; and the temperature at 
which it carries the electric current. 



Fir I Cabir Strandinit 


The method of manufacture of a metal has a considerable 
influence upon its re.si.stanco. Coj^per in the form of castings 
ordinarily contains so much impurity that its resistance is from 
25 to 100 per cent higher than that of copj>cr which has been 
drawn. The resistance of drawn copi)er is somewhat reduced by 
annealing after the drawing jirocess. 

I'he resi.stance of all metallic coiifluctors is increased by an 
increase in temperature. (^arlM)n affords a notable contrast to 
metallic condiic-tors in that its resistance decreases with increasing 
temperature. 

Conductivity. The conductivity of a conductor is -i, R being 

its resistance. For purposes of comparison, conductivity affords a 
more convenient working basis than resistance, since the higher 
the conductivity the better the conductor. Copper is made the 
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TABLE 11 


Temperature Coefficients of Copper for Different Initial Temperatures 
(Centigrade) and Different Conductivities 


CondiiPtinty 
(piT pent) 

00 

016 

020 

021 

HSO 1 060 

95.0 

0.00403 

o.oo:i80 

0.00373 

0.(XK1«7 

0.(XKj(X) 

0.00.3.30 

97.0 

0.00413 

0.00389 

0.0(KH81 

0.00374 

0.00307 

0.00312 

97.3 

0.00414 

0.00390 

0.00382 

0.0037.5 

0.003(i8 

o.oa34:i 

98.0 

0.00417 

0.00393 

0.(X)385 

0.fX«7S 

0.(X).371 

0.(XK145 

100.0 

0.00427 

0.00401 

0.0a303 

0.0(KiK.) 

0.0037S 

0.(X».52 


basis of <'oiiiparisoii, and it is said to have KKi per «*nt conduc- 
tivity when its purity and density arc such that 1 foot of copper 
wire having a diameter of 1 mil (0.(X)1 inch) has a resistance of 
10.371 ohms at a temperature of 20° (\, or 08° F. 

Ordinary commercial drawm or rolled copper 'has a conduc- 
tivity of SK) to 00.5 per cent of this value, and electrolytic co])- 
per may have a (.‘caiductivity of over 100 per cent. It is usual 
to specify a conductivity of about 08 per cent when selecting 
cables for heavy currents and important service. 

Temperature Coefficient, 'ilie variation of the n^sistance of 
a conductor with the rise or the fall of its tcmiwrature follows a 
definite law which may Ihj expressed in the form 

in which /?/, is the known resistance at fi tiegrees C. 

The value of ai„ the teinjicraturc coefficient, varies wdth the 
starting point. It is higher for resistances measured initially at 
5 degrees, for instance, than for thotje measured initially at 20 or 
30 degrees. It also varies with the conductivity of the metal. 

The values of a/, for annealed copper as published by the 
U. S. Bureau of Standards are given in Table II. 

The values given for a conductivity of 100 i)er cent may be used 
for annealed, or soft-drawn, wire. The values given for 97.3 per 
f'ent conductivity in the table should be used for hard-drawn wire. 

Example. With an unneali*d copper conductor having a resistance of 
0.2 ohm at 20" C. the resistance at 45** C. according to the formula previously 
given would be 

A«0.2 [1+0.00393 (45 -20)] »0.2 (1.0082) =0.2106 ohm 
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TABLE III 

Properties of Annealed Copper Wire 


Siae 

A.W.G. 

Dismrtor 

(niils) 

CROaB-SsCTION 

Weight 
per 1000 
Fwt 
flb.) 

Weight 
per 1000 
Feet. 
Weather- 
proof 
(lb) 

RBStSTARCa PER 

1000 Febt 
( ohms) 

Cimilar 

Mils 

Snuaro 

Mils 

20* C. 

.WC. 


4fi0.0 

211000 

! 0.1602 

640.5 

741 


0.a5482 


409.0 

■Kl 


570.9 

598 


0.06912 


304.8 

■m 


402^1 

485 


0.08716 


324.9 

105500 

0.08289 

319.5 

382 


0.1099 

1 

2S9.3 

83090 

0.06573 

253.3 

312 


0.1386 

2 

257.0 

00370 

0.06213 

200.9 

254 


0.1748 

3 

229.4 

52040 

0.04134 

159.3 

199 


0.2204 

4 

204.3 

41740 

0.03278 

126.4 

163 

0.2485 

0.2779 

5 

IRl.g 

33100 

0.02000 

100.2 ; 

132 

0.3133 

0.3504 

0 

102.0 

20250 

0.02002 

79.46 

109 

0.3951 

0.4418 

7 

144.3 

20S20 

0.01635 

63.02 

88 

0.4982 

0.5572 

S 

128.5 

10510 

0.01297 

49.98 

74 

0.6282 

0.7025 

9 

1H.4 

13090 

0.01028 

:nm 

60 

0.7921 

0.8860 

10 

101.9 

10380 

0.008155 

31 13 

.50 

0.9989 

I 1.117 

11 

90.74 

8234 

0,000467 

24 Hi 

42 


1.409 

12 

80.81 

0.5:10 

0.005129 

low 

34 

1.588 

1.776 

13 


5178 

0.004007 

15.68 


2.003 

2.240 

14 

04.08 

4107 

0.0a3225 

12.43 

24 

2.525 

2.824 

15 1 

57.07 

3257 

0.002558 

9.&58 

. 

.3.184 

3.562 

10 

50.82 

2583 

0.002028 

7Jil8 

1 

10 

4.015 

4.491 


TABLE IV 


Properties of Annealed Stranded Copper Cables 


Siu 

Weight 

1 Htandard Btiurds 

1 Kehibtancb vkh 1000 Feet 

per 1(100 

Number 
»r Wires 

Dinmeter 

1 ol Wires 

1 (mils) 

Dutndc 
Diameter 
; (mils) 



CM 

Fwt 

(lb) 

2.y C 

65" C. 



127 

i 12.5.5 

! 

; 1&31 


0.00623 


4630 

91 

i 128.4 

1412 





61 

. 128.0 

11.52 




2320 


110.9 

998 

0.0144 




61 

99.2 

8a3 




1540 

37 

116.2 

814 




1240 

37 

104.0 

728 




1080 

37 

97.3 



0.a356 


920 

37 

90.0 


Hnnwt^H 

0.0415 


772 

37 

82.2 

575 

■iiiB 

0.0498 


653 


105.5 

528 


0.0580 


518 


94.0 



0.0742 

00 

411 


83.7 

418 


0.0936 

0 

326 

19 

74.5 

373 

0.102 

0.118 

1 



66.4 

332 

0.129 

0.140 

2 


7 


292 

0.163 

0.188 

3 

163 

7 

86.7 

260 


0.237 

4 

129 

7 

77.2 

232 


0.208 

5 

102 

7 

68.8 



0.376 

6 

81 

7 


■1 

0.411 

0.476 
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With a hard copper wire having a resistance of 0.2 ohm at 20** C. the 
resistance at 45** C. would be 

R-0.2 [1+0.00382 (45 -20)1-0.2 (1.0955) -0.2101 ohm 

Mechanical Properties of Copper. The tensile strength of 
copper varies with its physical condition. Annealed wire breaks 
at 32,(X)0 to 37,000 pounds per square inch in the larger sizes and 
at 35,000 to 40,000 pounds in the smaller siz(*s. Hanl-drawu 
wire breaks at about 50,000 pounds per square inch in the larger 
sixes and at 65,0(K) pounds per square inch in the smaller sizes. 

The size, weight, and resistance of the sizes of solid wire in 
general use in distribution are given in Table 111, and similar 
data for stranded cables up to 2,(X)0,000 circular mils in Table IV. 


DESIGN OF CIRCUITS 

Problem of Designing Circuit The function of 'a conductor 
being to convey electrical energy from the source of supply to the 
consuming device, it must be of such size that it will not absorb 
too great a percentage of energy or become overheated. The 
problem of designing a circuit is therefore one of determining 
what size of conductor should be used to limit the loss of voltage 
to a specified amount when distance and current strength are 
known, and also of determining w'hcther the size needed for the 
specified voltage drtip is sufficient to carry the current safely. 


DROP IN VOLTAGE 
Direct-Current Circuits 


Factors Affecting Drop. In d.c. circuits the current and the 
resistance are the only factors affecting the drop in voltage. The 
resistance of a mii>foot of pure annealed copper at 68° F. being 
10.4 ohms, that of a conductor D feet long and M circular mils 
in area is 

„ DXlOA 


The drop E with current I therefore is 


M 


volts 


If both conductors in the circuit are of the same size, the total 
drop is twice the drop in one conductor; if they are not of the 
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same size, the drops in the different sizes must be computed 
separately and added together. 

The calculation of the total drop in the two wires of the 
circuit at any load may also be readily determined, when the 
size of the conductor is already fixed, by the use of the formula 


E 


^DR 

im 


ill which R is the resistance per 10()0 feet of conductor. 


Example. A circuit of No. 0000 cable, 500 feet in length, is to carry a 
loud of 1!K) anifK'rcs; what will be the lino drop? The resistance of No. 0000 
conductor, Table 111, is 0.049 ohm per 1000 feet and D equals 500 feet. 
ITic drop is therefore 


2X190 X50 0 X0.049 

i6o6 


9.3 volts 


Calculation of Size of Wire. From the first equation for drop 
may be obtained the following equation for ai-ea in circular mils: 


il/- 


IXJ)X10.4 
^ E 


Example. A two-wire circuit is to carry a loiul of 100 ani|K'res a dist-unce 
of 300 feet with a drop of 5 volts. Wlmt sise of conductor must be usc^? 


M 


2f)X / X 10.4 _ 2 X300 X 1(K) X 10.4 
~e'~ ~ 5 


121800 cir. mils 


I'hc nearest size is No. 00 A.W.G., which should bi' used. 


Three-Wire Direct-Current Circuits. In making calculations 
for a three-tvire Edison circuit, 8C]>arate computations are mat it* 
for each conductor if the load is appreciably unbalanced. 


Example. A circuit 1500 feet long having two No. 0000 A W.G. outer 
wires and a No. 0 neutral e,arrics u load of 150 amperes on the positive side 
and 110 amperes on the negativd side; what is the drop on each side of the 
circuit? From Table 111 the resistance f»f No. OOtX) wire is 0.049 ohm per 1000 
feet of conductor, and that of No. 0 wire is 0.0981 ohm. The drop on the 
positive wire is 

E^in = 150X 1 .5 X0.049 « 11.0 volts 
and the drop on the negative wire is 

£ = /ft = 1 10 X 1 .5 X0.049 = 8.07 volts 

The current on the neutral being 150—110, or 40 amperes, the drop on the 
No. 0 neutral wire is 

ft*/ft=40Xl.5X0.10»e.O volts 

The total drop at the end of the circuit is determined thus: The drop on the 
heavier loaded wiro plus the drop on the neutral wire is the total drop on the 
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. heavier loaded side. In this ciisc this is the positive side, and the total drop 
is 11+6, or 17 volts. The total drop on the light<‘r loaded side is the differ- 
ence bctwivn the drop on the lighter loaded wire and that on the neutral. In 
this case it is 8.07—6, or 2.07 volts. If the bus pressure wore 120 volts at the 
point of supply, the pressure at the end of the line n'ould be 120—17, or 10:i 
volts on the positive side and 120—2.07, or 117.03 volts on the negative side. 

It is then‘fore important that the load on a thrt'e-wirc circuit be kept 
balanced as nearly as possible in ord(^ that the pressure may not be too far 
from the desired standard. In this cose if the load were balancixl at 130 amperes 
per side, the drop would be 

^ = //2 = 130X1.5X0.040=0..'55 volts 

and the pressure on each side at the end of the line would be 120—0.55, or 
f 110.45 volts. 

Alternating-Current Circuits 

Factors Affecting Drop. In an a.c. circuit voltage drop is 
caused by the combined effect of rcsistanc'e and inductive react- 
ance. The component of 
drop due to re.si.stance is 
governed by the laws 
which govern d.c. circuits 
and is in phase with the 
current. The component 
of drop due to reactance is Hp«»tenrp to Imlurtivc neactance 

a counter-electromotive force set up by the magnetic field as it 
reverses with each alternation; this hack-electromotivc force is a 
f|iiiirtcr cycle behind the current wave. The resistance drop and the 
reactance drop may Im* represented, therefore, by two sides of a 
right triangle, Fig. 2. The reac-tance of a circuit increases with 
the increase in the separation of the conductors of the circuit or 
with the introduction of iron into the magnetic field, since in 
either case the number of lines of force liiikiHl with the circuit is 
increased. 

In 'Fable A' is given the reactance drop in volts per ami)cre, 
for 1000 feet of conductor, for the di.stances of separation and 
sizes of wire commonly used in distribution work. 

Example. A HiugU'-phaso circuit 10,000 foot long nperutca at 60 cycles 
and carries a load of 100 amperes with No. 0 \vire.s 12 inches apart. What 
are the values of the inductive and the ohmic components of dn)p? The react- 
ance per 1000 feet per ampere per wire, di^signattxl by X, for No. 0 wires 12 
inches apart is 0.1043, Table V. Tlie resistance is 0.10 ohm per 1000 feet.^ 
The inductive component of the circuit is therefore 
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TABLE VI 

CorrespondinK Values of Resistance and Inductance Factors 


Resistaiice Factor (per cent) 

50 

60 

05 

B 

75 


85 

90 

95 


100 

Inductance Factor (per cent) 

86.0 

80 

76 

71 

66 

60 

53 

44 

31 

222 

B 


X =2/^X/X^f^ =2Xll)000X100X^™^ = mti volts 

aUIaJ lUUiJ 

The ohmic component is 

0.10 

iJ=2X 10000 XIOOX- -" *200 volts 

The impedance drop in the rircuit is found l)y tiu' (‘cpiation 

Impedance drop = v^(20!))-*-f- (201))* = 2S0 voIta 

which is rpprosenied by Oli in Fig. 2. Tlii‘ Inigth of tin- liiw* 0/1 in Fig. 2 is 
proportional to the rosistanco component, tliat of AH represents the inductive 
component, and that of OB the n'sultaut of the two. 

If the circuit consistt'd of two No. 0 wi^e^. the n-sistanee component 
would be 2X10X100X0.305, or 700 vo]t«i, the iiuhn-tivi- eompouent 2X10X 
lt)0X0.12, or 210 volta, and the iiiii^edancc drop v/^TOO)*” (210)*, or 827 volts. 

Tlie diagram for the im])ethiiiee tlrop iii Fig. 2 is OA'B'. It is apparent 
that the ratio of resistance to inductiinee di-ereases as the siae of wire is 
increusetl, so that inr-reasiug the size for the purprwc- of riHliieing the pn^ure 
drop lx>comes h-ss effective in the large sizes. 

Resistance and Inductance Factors. The resistance fac'tor of 
a circuit is tlie ratio of its resistanw t(» its impedance. Likx'wi.se 
the inductance factor is the ratio of the inductive rcactanct* to 
the iinpedancc. The sum of tlie scpian's of these two factors is 
unity. The values of the indiietaiice factor which corresiMuid to 
various cmninoii values of tlie resistance factor appear in Table \T. 

Single-Phase Line Drop. In an a.e. circuit the pressun' 
drop is determined from the resistance and tlie iiidiictuncc com- 
ponents in conjunction with the powxr factor of the loud which 
the circuit is carrying. 

Referring to Fig. 3, the line OE represents the pressure 
delivered; OR is the component of OE which is doing useful work; 
ER is the inducti\'e coini)onent of the pressure, which causes the 
current to be out of phase with the impressed voltage at the load; 
EL is the resisttiiicc component of the line drop; 'and LP is the 
inductive component of the line drop. The resistance component 
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of the line drop EL and the power component of the impressed 
load voltage OR are in phase with each other, and the inductive 
components ER and LP are in phase. The resultant OP is tlie 
line voltjige necessary to deliver a pressure OE at the end of the 
line. The net line drop is the numerical dilTercnce bctwe(*n OP 
and OE. In the case of a noninductive load, such as iiicundesci’iit 
lamps, the iiidiietivc eomponerit ER disappears, and the impressed 
voltage at the lamps OE takes the position OF. The impressed 
line pressure necessary to deliver OF at the lamps is OX, or the 
resultant of 0}f (which eciuals OF-\-EL) and M N (whieli ctpials 
1 1*)\ and the <Irop is the numerical diflereiice between OX 

and OF. 

Kxamplc. Given a loaii nf 1(K) 
amperes of 22(X) voUa, Kiiigh'-phase, 
ili‘livered :ii thn end of a two-wire line 
of \o. 0 copper wire, 4.')(X) feet lonn. 
will wirifl 12 inches apart, a frequency 
of W) cycles, and a power factor of SO 
per cc*nt, what is the line drop? The 
power factor being 80 per cent, the 
corresponiling inductance factor is HO 
per ci-nt , Table V 1 . T’sing these vahu'S 

O If =0.80 X 2200 = 1 700 volt s 
E If = 0.0 X 2200 = 1 820 volt .s 

The nvist.iiice drop per KMK) feet per ampere for \o. 0 wire i.s O.IO volt. 'Fhe 
total line rcaiataiice drop w therefore 

^/. = 2X0.10X4.5X100 = WJ volts 

The inductive drop per lOtXJ feet jmt ampere b»r 12-mch ciaitcr.- i.s 0.1013 volt, 
and tlierefon* 

LP =2X0. 1043 X4..5 X HK) = 0 \ voUfi 

The total rcHintancc component is OR-\-EL, or 1700+00. which efjualH IS.iO 
volti<, and the total iiuluctivc comiMment is Elf -I- L/*, or 1320+01. which eipinls 
1411 volts. The resultant of these two is 

• OP = Va8^)*+U414)® = 2327 volts 

This w the pressure necessary to deliver 2200 volts at thr end of the line. The 
net lino drop is, therefore, 127 volts, or 5.8 per cent of the received voltage. 

If a lighting load of 100 amperes at 100 per cent power factor were, being 
carried, the inductance factor ER woulil be zero and ON would be 

V'(2290FRW = 2291 volts 

At 100 per cent power factor, therefore, the drop would be 91 volts. 
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Two-Phase Line Drop. In the case of a two-phase four- wire 
r-ircuit the drop is computed for each phase independently, using 
the method given above. 

In a two-phase three-wire sj-stem having the load connected 
between the outer phase wires and the neutral, or common, phase 
wire the inductive drop on the neutral produces an vubafanced 
pressure at the load end, which cannot be readily calculated. 

Three-Phase Line Drop. In a three-j)hase three-wire circuit 
with ail approximately balanced load the drop at the cml of the 
line is 1.73 times the drop in each wire. 


Example. With a N(i. 0 circuit, carryinK 100 ninporra a distanen of 4500 
ff'c't the sirif'lf'-phase drop at 80 por c<'nt pr)W(T fai'tor wiis found in the sinah^ 
oxanipic to be 127 volts, or 03 5 volts per roiuliietor. On a thriM^phase 
circuit the drop is therefore 03.5 X 1.73, or 109.S volts, which is practically 5 
per cent. 

At 220 kilovolt-amperes, which was the load assumed on.the siiigle-phaae 
<*ireui(, the ciirn'iit on ii tlinH*-pliii.*!e circuit would hi* 


/ 


220(Xy)X l.73 

~;iX22iio~ 


173.3 

__ ^ ,--.,7 7 Ainpores 


Therefore f<ir the same load the drop on the fhni'-phase circuit would be 

^ X ^ X 1 .73 - 03.5 volts 
KXl 2 


Thi.s is the same as tlu* drop on one wire for the singlti-phusc circuit. 

Rehifum helurm Three-Phase and Single-Phase Circuits. 
According to the relation brought out in the example the follow- 
ing sini])lc rule for finding the dnip on a three-phase balanced 
circuit may be used: Take oue-half the load, find the single-phase 
vurreni for the half load and ealvviaie the drop for the single-phase 
current. This will give the drop for the three-phase circuit. With 
unbalanced loads tlu' calculation of line drop cannot be computed 
accurately by any simple rule. However, the rule for balanced 
circuits is sufficiently aecurute for practical purposes in most 
cases, if the unbalance docs not cxwed 15 jHjr cent. 

Whore tliree-phase circuits are arrangtxl so that all lighting Ls 
on one phase, they may be treated as single-phase circuits unless 
the power load is more than onc-half thr total load on the circuit. 

Three-Phase Four-Wire Line Drop. Since the transformers 
are connected from phase wire to neutral on three-phase four- 
wire systems, only tlie dnip on the phase wdres is to be determined 
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if the load is balanced. This is found by considering the phase 
wire as one side of a single-phase circuit and computing the 
drop according to the method given for single-phase line drop. 

Example. A Nn. 0 four-wire circuit, 9000 feet long, carrios a balanced 
load of 150 amperra at 2200 volts, 60 cycles, and 80 per cent power factor at 
an average sparing of 12 inches; what is the line drop? The nwistance com- 
ponent of the drop is 150X9X0.10, or 135 volts. The inductive component 
of the drop is 150X0X0.1043, or 141 volts. The pressure necessary to main- 
tain 2200 volts at the end of the line is 

E = Vci'ftio 4-135)^0320+141)* =2390 volta 

Hence the ilrop on each phase is 2390 —2200, or 190 volts, which (Kpials 8.6 
per cent. 

Rrlation between Drop in Balanced and in Unbalanced Loads. 
With unbalanced load the drop for the neutral wire must be 
calciilati'd in the .same way and plotted in a diagram showing it 
in its proper phase relation. Tlii.-. however, cannot be done by 
any simple rule, and the graphic solution cannot be made very 
accurate in practical cjuses. 

W^ch one phase open the current of the other two phases 
retiuiis by the neutral, and under such circumstances the drop is 
about 55 per cetit more than with balanced load. For instance, 
if the circuit has a drop of 10 per cent when ap])roximately 
balanced, it will have a drop of 15.5 per cent when one phase is 
open or 20 per c<Mit w hen tw’o phases arc open. 

CURRENT-CARRYINQ CAPACITY 

Factors Affecting Current-Carrying Capacity. The energy 
absorbed by a circuit PR is dissipated in tlie form of heat and 
tends to raise the temperature of the conductor. The maximum 
current-carrying capacity of a conductor is de|)endent upon 
whether it is installed in oiien air, in conduit, or underground. 
The character of the insulation is also a factor, since certain 
kinds of insulation may be safely operated at higher temperatures 
than others. In Table VII is given the current-carrying capacity 
of wires and cables under various conditions. 

The insulation of rubber-covered conductors should not be 
operated regularly at temperatures above about 50® C., or 122® F. 
Weatherproof and other fibrous types of insulation may be oper- 
ated at temperatures as high as 65® to 70® C., or 149® to 158® F. 
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TABLE VII 

Current-Carrylne Capacity of Wires and Cables 
Under Various Conditions 


Siae 
A.W fl. 


■ National Electbical Code 

j 

LRAD-<.''ovr.HKI> Parlks 

SlNllLB-CoXUlItn'OR 

Rubber 
IllBIlluticill 
(amp ) 

i 

Slow- 
RiirniiiR 
IiiBiiIntion 
(amp ) 

Rubber 
IiiHulation 
(:WC ri«*) 

! (amp ) 

„ 1 Coiiductor 

I*aiv r or | 

( iiiiihne I inBuETtioii 

Iiisidatioii (is-CriHe) 

(40“C iiae) (^mp.) 

(amp ) 


14 

lo 

20 

12 

20 

25 

10 ; 

25 ! 

30 

8 

35 ! 

50 

0 1 

50 1 

70 

4 ; 

70 1 

‘K) 

3 

80 

100 

2 

90 

125 

1 

100 

150 

0 

125 

200 


20 

22 

1 


30 

34 

; 

20 

50 

5(3 

i 

! 

48 

78 

87 

1 

08 

98 

no 

i 

SI 

121 

13i 


93 

145 

1()0 


no 

1(39 

187 


132 


00 

150 

225 j 

i 192 

210 

1.50 

(XX) 

175 

275 

1 245 

270 

MX) 

0000 

225 

325 1 

285 

315 

225 

CM 1 , ' 

250(XK) 

235 

350 

320 

3(30 

255 

300(XX) 

275 , 

m 

370 

415 

300 

KXXMK) 

32.’3 

:m 

4(>n 

515 ; 

370 

5(XXXX) 

400 

(300 

550 

(X)5 1 


75(XXX) 

525 

800 

T.'X) 

8:30 


KXXXXX) 

050 

KXX) 

fXX) 

I'KIO 

. • • 

151KXXX) 

850 

13(X) 

12(X) 

1450 


2000000 

1050 

1(370 j 

1100 

1.590 

... 


Current-Carrying Capacity of Underground Cables. The rise 
of temperature of underground ra})les depends upon the amount 
of energy liberated by all the cables in tiic duet line and upon 
the ability of the cables and ducts to radiate the heat to the 
surrounding earth. 

The radiating capacity of cables in the central ducts of a 
large underground line is less tlian that of the cables in the 
jjeripheral ducts, and the temperature of the former tends to 
become higher when the ducts are well filled. In a nine-duct 
line the rating of a cable should be reduced about 15 per cent 
from its capacity in a four-duct line; while in a sixteen-duct line 
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it should be reduced about 40 per cent. This is true only when 
there are working cables in all the ducts of the line. 

The carrying capacity of mvltiple-condjwtm cahlrs is less than 
that of singlr-mndvrtor rahlea of the same size because of the 
larger eiierg\' loss in proportion to the rarliating surface. Duplex 
cable has about 90 jier cent of the carrying capacity of single- 
conductor cable; c*oncentric cable, 80 per cent; and three-c;onductor 
cable, To per cent. The maximum temperature at which paper 
or cambric should be operated is about C5® C., or 149° F. The 
temperature may be pushed above this figure occasionally for a 
short time, but if paper is operated continuously above O.*)® C., 
it will be injured. 

CLASSIFICATION OF DISTRIBUTION SYSTEMS 

Bases of Classification. Distribution systems may be classi- 
fied in three ways: as to the character of the current, that Ls, 
direct or alternating (referred to as d.c. and a.c. rt*sj)ectively) ; 
as to method of connection, scries or multiple; and as to number 
of wires, phases, voltage, etc. 

Direct-current circuits arc operated at the voltage required 
for use at lamp sockets or motor terminals. This is usually 
about 110-220 volts, three-wire, for general purposes or 550 volts 
for pow'er and street railway' .scrvi(*e. 

Alternating-current circuits are o{^rated at about 2200 volts 
for general distribution purposes. The voltage required at the 
lamps is derived by the use of transformers located near the 
coiisuinci's’ premises. This class of circuits is used ven' gefierally 
for distribution in cities and towns. 

Alternating-current primary circuits are single-phase two-wire; 
two-phase three- or four-win.*; or thrce-i)hase three- or four-wire. 

The frequency of a.c. circuits is usually 00 cycles per second, 
but 25-cycle systems are in general use for electric railway and 
other d.c. service. There are also certain non-standard systems in 
America o])erating at 30, 33, 50, 62.5, and 66 cycles, these having 
been adopted before frequencies had become standardized at 60 
and 25 cycles. The earliest a.c. systems w^ere operated at 125 or 
133 cycles, and some of these are still in service in the smaller 
towns. 
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Series systems are those in which the lamps are all in series 
and the current in the circuit is regulated to be kept at 6.6 or 7.5 
amperes constantly while the pressure is varied as lamps are 
added. These are sometimes called conMant-current s^'stems. 
Lamps are turned off by short-circuiting them. 

Multiple sj'stems are those in which the lamps are all in 
multiple and the pressure is maintainerl constant while the current 
varies w’ith the load. Lamps are turned off by open-circuiting 
the branch leading to the lamp or group of lamps. These are 
called consiaHt-poiential circuits. 

ADVANTAGES AND DISADVANTAGES OF VARIOUS SYSTEMS 

Scries Systems 

Small Conductor Possible. The principal advantage of the 
scries system is that it is (iperatcd at a current of about 7 amperes, 
which permits the use of a conductor as small as the mechanical 



requirements will pcmiit, usually No. 6 or No. 8. This makes it 
l^ossible to cover a considerable mileage of street lighting wdth a 
minimum cost for the conductors. 

Disadvantages. The fact that all lamps are in series makes 
it a high-voltage system and therefore nut so well suited to the 
general lighting of buildings. It is also subject to the inherent 
disadvantage that a break any where in tlie circuit puts out the 
entire circuit. With the a.e. series circuit this is partially obvi- 
ated by the use of series transformers for individual lamps or 
grou])s of lamps which arc s«) designed that a break in the .sec* 


m 


18 


ELECTRICAL DISTRIBUTION 


ondary circuit of the series transformer does not open the main 
circuit. This also insulates the lamp circuit from the main 
circuit and makes it safer to work on lamp poles where circuits 
are underground and lamp posts are iron. 

Types of Circuits. OperirLoop Circuit. Two general types of 
arranpeinent are employed in laying out series circuits, the open- 
hurp and tJie paralhl-hmp circuits. In the open-loop circuit, Fig. 4, 
the lamps arc connected by following the shortest available route, 
without reference to the separation from the return conductor. 
This permits a minimum length of circuit, but it is difficult to 
test for a break, or open circuit, in the line. In a.c. circuits 
tliis method of (‘onnection also tends to increase interference with 
telephone systems. 

VaraUeUlj)op Cireuii. The parullel-loo]) circuit, Fig. 5, is 
laid out so as to be near the return conductor. This affords 





Fut a Parallel I.m>p Senm Cirruit 

frt»qucnt opixirtunity for test and minimizes inductive disturb- 
ances but usually requires a greater mileage of conductor than 
the open-loop circuit. A combination of parallel loops with small 
o]jeu loops may often be used to advantage. 

Use of Series Transformer. The a.c. series circuit with 
lamps gnmped on series transformers Is shown in Fig. 6. With 
this arrangement the series transformer is located at a conveni- 
ently accessible point on the main series circuit, and the secondary 
circuit is carried thence to the lamps to be supplied. These may 
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be a single cluster of decorative street lamps on an ornamental 
post or a small circuit of lamps in a public square, small park, 
or similar open space. The voltage on the secondary' circuit 
depends on the amount of energy taken by the group, but it is 
usually kept below 750 volts. 

The scries transformer is protetrted by a film cutout, which 
punctures and sliort-<*ireuits the secondary in case of an open 
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Fig. 0. Series Circuit with Series Transfornim 


circuit tlicrcin. This protects the scries transformer from over- 
heating, and the disturbance on the secondary in no way inter- 
feres with the service on the main circuit. 

Multiple Systems 

Direct=Current System. Adraningcft. I'he d.c. system finds 
its largest fiehl of usefulness in central business districts where the 
loarl is dense and the distance from substation to consumer 
averages iM)t over 1500 feet. Under such conditions the total 
f.'ost of installation is not e\\e.ssive, and where the lines are 
heavy enough to require underground construction, the heavy 
cables are more readily oiKJratcd with direct than with alternating 
current. 

The storage battery, wliich is most available with this system, 
affords a means of protection against interruption to service which 
is of great value in such districts. The d.c. motor is better 
suited to the operation of elevators, printing presses, and other 
variable speed machinery than is the a.c. motor, and this class 
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of service is found in central business districts in considerable 
quantity. 

Diaadvantages. The great disadvantage of the d.c. system is 
the fact that the voltage is low and the currents are therefore 
very large as compared with those found in a 2200-volt system 
with similar loads. The radius of distribution is limited to an 
average of about 1500 feet for a loss of 10 per cent at full load 
on the fc*cders. The longest feeder is limited to about 2500 feet, 
and such feeders cannot be loaded up to full carrying capacity 
without an excessively high bus pressure at the station. The 
a.c. system should therefore be employed where the distances are 
too great for satisfactory d.c. operation. 

Effidencif, The operating efficiency of d.c. systems compares 
very favorably with that of a.c. systems, since the transformer 



core losses mu.st be supplied continuously in an a.c. system, 
whereas the higher copper los.ses of the d.c. system exist only 
during the time when the load is heavy. The total twenty-four- 
hour losses are therefore not greatly different, other things being 
equal. 

iMcaHtm of Station. Where electricity is supplied from a d.c. 
generating station to the territory in its immediate vicinity, it is 
necessary that the station be located as near the center of the 
load as is possible. This is usually m>t consistent with a location 
which is most favorable for the economical supply of fuel and 
water. 

Alternating-Current System. Single-Phase Syst^tn. The 
single-phase system is made up of two-wire feeders and mains, 
usually operated at 2200 volts, Fig. 7, the mains being of No. 0 
or No. 8 wire, the smallest sizes which it is safe to use on over- 
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head construction for mechanical strength. Since but two wires 
are required, this is the cheapest system to install for lighting and 
small power, in s])ite of the fact that the feeders require .‘J-J per 
rent more copixT than equivalent three-phase feeders at the ‘mme 
voltage. 

The principal disadvantage of the system is that single-phase 
motors are more complicated and expensive than polyphase 
motors and produce more disturbance of line pressure in starting. 
The single-phase system is tlierefore not generally used for power 
supply exrept where motors arc of less than 5-hp. capacitx'. 

Two^Phase Four~lVire System. 'Fwophase systems are made 
up by combining two single-phase systems in a qnarter-pha.se 
relation, thus making u]) a four-wire system, or by using a three- 
wire .system in which one conductor of each pjiase is common. 


4 WMft ££00 VOL rs 



rwo PHA4, Tw-isroffMfR 

TOWCR TRAMarORMfR 
^^0 VOLO 


> wim 

Fik 8. Two-Pliiuu> C'lrruit 


Fig. 8. The four-wire system is substantially the same as a 
single-phase .system, except that two-phase motors may be used. 
The principal advantages of two-phase .systems are that there are 
only two phases to keep balanc*ed and only two transformers are 
i-equired to supply polyphase energy to motors. 

Two-Phase Three-Wire System. In a two-phase three-wire 
system the current in the common, or neutral, conductor is 1.414 
times the current in the outer conductors with balanced load. 
When all conductors are the same size, the copper reciuired is 75 
per cent of that needed for a four-wire system. When the 
neutral is 40 per cent larger than the outer conductors, the 
amount of copper required is 85 per cent of that needed for a 
single-phase system or a four-wire two-phase system. In the 
primary mains, which are all the same size, the two-phase three- 
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wire system is as economical of copper as the tliree-phase three- 
wire system. The line drop in the two phases is not the same, 
making voltage regulation difiScult unless line-drop coni})ensators 
are employed. The three-wire circuit cannot be used where the 
inid-i)oiiits of the quarter-phase generator windings are tied 
together, as is the case in some machines. 

Three-Phase Three-Wire Systems. A three-phase three-wire 
system, Fig. 9, is cummuiily employed for general distribution 
since it is readily derived from a three-phase transmission system; 
it is also well suited to pow'cr distribution anil requires but 7»5 
j3cr cent as much copper in the feeder system as an equivalent 
singl(^])hase system. The three-wire distributing mains are 
usually carried only where motor service is retiiiired, the lighting 
service being taken on siiigk^phase branches from the tlin‘(*-pliast 



main. Small motors, up to al)out 5 hp., are generally supplied 
from a single-phase tap, while the larger motors, up to 30 or 40 
hp., arc supplied from two ])hasos with the open delta coniiection. 

Three-Phase Finir-Wire System. A three-phase four-wire sys- 
tem, Fig. 10, is usually oj)erated at 3800 volts between phase wires 
and 2200 volts between any phase wire and neutral. This gives 
the advantage of 3800-volt distribution in the feetler sysfein and 
permits the supjdy of energy over a radius about twicH? as great ns with 
22(X)-volt systems, with the same rt'gulation. Standanl 2200-vult 
transformers and other accessories are used, and the lighting 
branches are single-phase. The unbalanced load is carried by the 
neutral wire, and with the use of liiie-ilrop c^ompensators good 
pressure regulation is possible with any proportion of unbalanced 
load. 

The four-wire distributing mains are carried only where there 
are motors or large loads to l)e served, and but three wires an* 
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needed for installations of less tlian 30 to 40 hp., which may be 
served by tw’o transformers connected in oj^cn delta. The wide 
range permissible has led to the adoption of this system in many 
of the larger cities of the Unitefl States. It is also well suited to 
the supply of suburban districts and rural communities, where 
double-voltage, 440()-7()00 volts, may be used to su])ply a group 
of towns and villages, the pressure being rcgiilate<l independently 
on each phase at the source of supply. 



Fi«. lU. Thm-PliUM Finir-Wirc Circuit 


DISTRIBUTION IN CITIES 

DIRECT-CURRENT EDISON SYSTEM 

Extent of Use. Direct-current Edison systems are found in 
the central portions of the larger cities where the load per city 
block is very heavy and the feeders are only from 1500 to 25(X) 
feet in length. Under these conditions the cost of installation 
per kilowatt is not much higher than the cost of a.c. feeders and 
mains covering distances of 2 to 3 miles from the point of supply, 
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since the saving made in the size of feeders at 2200 volts is 
largely absorbed by their greater length. 

Feeder System. The Edison system is made up of feeders 
and mains as illustrated in Fig. 11. Feeders are usually made up 
of 750,(XX) to 2,000,000 CM cable, being two to three times as 
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Hit. 11 Low-Tenrion Network and Feedem 

large as the mains in the district they supply. The buildings are 
connected by taps from the mains called services, and the feeders 
are connected in at intersections. The feeder is usually run from 
the substation to its terminal point without being connected in 
at intermediate points. The longer feeders are supplied from a 
separate bus at higher pressure than the shorter feeders, thus 
maintaining an even distribution of pressure on the mains at the 
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« feeder ends. In a large substation having several feeders of 
extra length a third bus is sometimes maintained. If there are 
only one or two extra long feeders, it is usual to provide for these by 
inserting a booster in series with them. This is a motor-driven 
generator which adds the required amount to the feeder pressure 
after it leaves the bus. 

I Method of Maintaining Cotuftant Presmre. The pressure is 

I maintained at the feeder as the load changes by observing a 
voltmeter in the substation which is attached to separate presiture 
trirejt brought back from the feeder end for this purpose. It is 
usual to select a feeder which represents the average condition at 
the feeder ends as a standard feeder. The ))ressure on each bus is 
then regulated so us to keep the pressure constant at the end of 
each of the standard feeders. It is not iu‘cessary to maintain 
separate busses at all hours of the day, but only dunng the period 
when the load is more than about 50 per cent of the usual 
maximum load. 

In the case of large consumers, such us a department store 
or tall office building having a load of 150 kilowatts or more, it 
is usual to run a feeder direct to the consumer’s premises, also 
giving him a service from the mains as a ^eser^■c supply. This 
service also ties the feeilcr into the general system and tends to 
.steady the pressure at the feeder end. 

Network of Mains. The mains, from which the buildings are 
connected, are connected into junction boxes at each point of 
intersection. Thus the energy is usually distributed in four direc- 
tions from a feeder end. A service connected near the middle of 
a bl(K'k may draw from the feeders at each cud. Thus a 500,0(X1 
(’M service n)ay be supplied from a .350, (XK) CM main without 
overloading the main. The mains are interconnected through 
fused junction boxes. These fuses are usually copper strips of 
such size as to allow the main to carry any load up to twice 
its normal full load before blowing. This obviates trouble due 
to blowing of fuses at siiiall overloads and yet cuts the main o5' at 
each end in case of a short-circuit within the block. Such a short- 
circuit does not blow the fuses in the junction box supplying the 
mains in other adjacent blocks, since the current is drawn from 
several directhms and is not large enough to blow these fuses. 
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The network must be supported by adding feeders as the 
load increases. This is usually done by bringing them to inter- 
sections w^here no feeder is terminated; in districts where the load 
is very lieavy it is sometimes necessary to bring two feeders to 
the same street corner. 

Sizes of Mains. The calculation of sizes of mains f(w a net^ 
work is an interesting problem w^hich has n'ceived eonsiderable 
study, but such calculations are of little value in ATiiericaii cities 
where growth is ra])id and sizes which are correct in theory this 
year may be inadequate a few years later. It is therefore mon' 
prac-tical to select a few standard sizes for mains such as 2.)(),(MX) 
CM, :15(),(K)0 CM, 5(K),0(X) CM, and 1,()(X),(KH) CM and make all 
installations large enough to last for some years ahcurl. 

Types of G>nstruction. EOmm Tvhe. The earlier d.c. sys- 
tems were laid with Edison tuU*, and much of this is still in 
service after being twenty-five years in the ground. Tlie tube is 
made up of iron pii>e in which thnn; bare cojjjmt nxls are embeddcrl 
in insulating compound and brought out at the ends through an 
insulating separator. These tulles are jointed up in 2()-foot h'ugths, 
and .Servians are taken by T c*ouplings at the jf)ints, Fig. 12. 
These tubes were laid near the curb on each side of the street 
where the load was heavy or in allcy.s wlicre available. 

Fireprmf Conduit Systems. The system was discontinued 
after a time with the introduction of fireproof conduit systems 
into w’liich lead-covered cables arc drawn. This change was 
made because it was nercssary to break out paving whenever a 
buniout occurred in a main, and with the growth of the .system 
reinforcement cost more than the original installation. With 
cables drawn into conduit the street paving is not interfered 
with after the conduit is laid, .since the cable if burned out or 
overloaded is readily withdrawn and replaced by other cable. 

Storage-Batteiy Reserve. One of the ]>rinci]}al advantages of 
continuous-current distribution is tlie possibility of having a 
storagCrbattery reserve. In onier to be of the greatest value, the 
battery reserve should be distributed in a number of individual 
units located at central points in the system so that it can act 
as a reserve in case of tlie failure of the supply in any part of 
the system. 
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Battery Rooms. On account of the evolution of gases and 
the presence of acid vapor, it is necessary that the portion of the 
building occupied by the battery be provided with ample venti- 
lating facilities and that all metal work be covered or painted as 
well as possible. 

ALTERNATING-CURRENT SYSTEMS 

Extent of Use. Altornating-current distribution is used for 
the majority of electrical distribution, because the lines can be 
operated at voltages around 22(MI, thus ensuring more economical 
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operation and more satisfactory regulation r»f pressunv At 2200 
volts the distributing mains arc usually not larger than No. (i 
wire, an<l the energy c.Tn be distributed over an area of 2 to .‘1 
miles from the point of supiily without difficulty. 

Bulk Supply Systems. In the larger cities it is most eco- 
nomical to distribute the energy from the point where it is 
generated b.v high-voltage lines having a capacity of about five 
times us much as that of the ordinary size of distribution feeder. 
These lines constitute a bulk supply system consisting of thi-ee- 
phase transinissiun lines u}jerated at pressures of appro.xiniately 
13,000 volts. These lines supply energy to substations in quan- 
tities of KXK) to TiCMK) kilowatts each, and there it is transformed 
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to the distributing voltage. The larger manufacturing establish- 
ments using over 300 kilowatts are also supplied from these bulk 
supply lines by substations transforming the energy to a voltage 
suitable for distribution about the premises. 

Emergency Faeiliiies. Where bulk supply lines are carried 
overhead, it is usual to connect industrial concerns by tapping 
them through pole top di.sconnccting switches so arranged that 
the line can be sectionalized in case of trouble. With under- 
ground lines a loop is made into the premises and the scctional- 
izing .switches arc placed within the .substation, where they an; 



provided with ndays arranged to open the side of the loop on 
which trouble may develop. These connections are illustrated in 
Fig. 13. 

Reserve Siqyply. The service to substations and manufac- 
turing plants must not suifer an extended interruption and it is 
necessary' to provide an adequate reserv'e supply. If only one 
substation is involved in a given direction from the power station, 
this is accomplished by providing one extra line as reserve. The 
reserve and regular lines should l)e carried by different routes if 
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possible to insure the reserve being available in case of trouble 
to the pole line or conduit system, as the case may be. 

If tlie substation can be joined in by making a ring, this is 
usually the most economical way of providing reserve connections. 
Such a ring can often be so routed as to take bulk supply lines 
through districts where there are large plants to be served by 
them, thus reducing the expense for extending lines to reach such 
large users when occasion requires. Such a ring is shown in 
Fig. 14. 

Size of Cahleit. Hulk supply lines arti necessarily plactxl under- 
ground t(» a large extent. This involves the use of pajjer- 
iiisulatcd I(‘ad-.shcathcd Ci'ihlcs, which arci made up with the three 
conductors of the circuit under one sheath. With standarrl 3..5- 
inch ducts the largest size of ca*>le which can be drawn into the 
duc't is about .3-inch outside dian^'ter, and this limits the nm.\i- 
mum size of the conductor wliich can be used with a given thick- 
ness of insulation. At i)rcssurt‘s of GhOO volts 100, ()()() CM scctor- 
shai)ed conductors are the largest in use. At 1.3,000 volts about 
.350,1K)0 CM is the inuxiniuni size. 33iis Gms the maximum loatl 
whi<*h can be carried continuously on such cables at from 4500 
to 6(K)0 kilovolt amperes. 

In the larger cities \Nherc <-crtain substations distribute loads 
of 8000 to 15,000 kiUjwatts, several cables are required to supply 
each substation, and it is desirable to have cables of the maximum 
size. 

Pressure Regulation, l^oivofial licgulniorH. 'ri»* tlistributing 
feeders should be eqiupped with }>otentiaI rigulators in order to 
provide proper distribution of pressure. Two types of j)oteiitial 
rtguhitors are in general use, one of which eonsi-ts of a trans- 
former with a .switch in the .secondary so arranged that prcs.sure 
may Iw added t*) or subtracted from the bus pre.ssure. In 
another type the .secondary of a transformer is mounted on a 
movable core so arranged that more or less of the magnetic flux 
may be passed through the secondary winding and the pressure 
thus raised or lowered b> inductive action. The latter is called 
the induction regulator and is preferable to the other type on 
account of the absence of sliding contacts, which are troublesome 
in operation. 
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Regulators may be controlled by hand, by motor drive from 
hand-operated switches, or by motor drive from automatically 
operated switches. The expense of automatic control is justified 
in important substations by the impnived service given. 

Line-Drop Compensators. The use of pressure wires to indi- 
cate the pressure at the end of a feeder is not necessary on a.c. 
feeders, since they can be regulated by tlic use of line-drop com- 
pensators. The length of a.c. feeders is usually so great that the 
cost of pre.ssurc wires is more than the cost of the compensator 



equipment. Tn princijjlc, this e(jnipmeiit consists of a miniature 
circuit containing the same proiM)rtion of resistance and inductance 
as the feeder circuit which it regulates. The drop in this resist- 
ance and inductance is inserted in the voltmeter circuit in such 
a manner as to reduce the voltmeter Heading by the amount of 
the feeder drop. The amount subtracted from the voltmeter 
reading by the line-drop compensator is directly proportional to 
the load carriwl by the circuit and to the power factor, so that 
when the line-drop compensator is once properly adjusted, the 
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voltmeter gives a correct indication of the pressure at the feeder 
end at all loads. 

Anijnmalic Heguhtion of Feeder Voltage. In connection with 
automatic regulation the General Electric Company has developed 
a device which serves as a combined line-drop compensator and 
relay. This device, known as a contacl^imking voltmeter, is shown 
in Fig. 15. It consists of a solenoid having windings which are 
tapped at various points and brought out to adjustable switches, 
as in the line-drop compeiLsator. One winding produces a mag- 
netic flux proportional to the pressure; another carries current in 
proportion to the load and opposes the flux due to the feeder 
pressure. This counter-magnetomotive force may be adju.stcd 
roughly by setting the prt^per switch on the points A, B, or C, 
and the finer adju.stments are made by the points from J) to L. 
The pivoted bar carries the contacts which control the supply of 
energy to the feeder regulator. 

As the load increases, the iilunger falls until the contact is 
made which raises *the pressure on the feeder. This increases the 
flux due to the pre.ssure, and the plunger rises sufiicu;ntly to 
stop the movement of the regulator until a further change in 
load or bus pressure occurs. This device gives very satisfactor>’ 
results at all jxiwcr factors from 75 to 100 j>er cent. 

Feeders and Primary Mains. Drop from Feeder Erul to 
Transformer. The feeder is the unit <)f distribution at 22t)0 volts, 
or 2200-3800 volts if the circuit is thrct'-i)liase four-wire. There 
should Ikj a sufficient number of feeders to permit proper dis- 
tribution of pressure over the mains to the transfornc* -s. This 
usually requires that the drop from the feeder end, or center of 
distribution, to the average transformer be not over 2 per cent. 
'Fhere an* sometimes long extensions, however, where the condi- 
tions are such' that the drop may be as much as 5 per cent or 
more. In such cases it is necessary to in.^tull a booster trans- 
former until such time as the growth of the system vrill warrant 
extending the feeder. 

Maximum Load on Feeder. In the more heavily loaded dis- 
tricts where the distances from feeder end to transformers arc 
short the drop in the main is not the limiting factor. In such 
<*ases the number of feeders is more often determined by the 
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amount of load which it is desirable to have on a feeder in case 
of an emergency. For instance, in a system having a load of 
2000 kilowatts it will be easier to transfer load from a feeder 
which is in trouble to the other feeders if there are four feeders 
carrying about 500 kilowatts each than if there are three feeders 
carrying 600 to 700 kilowatts each. Furthermore, as the load 
on the system increases from year to year, necessitating new 
feeders, it is necessary to shift the location of centers of distribu- 
tion from place to place. This can be done much more retulily 
if the load of the feeder is restricted to a current value whicli 
can be distributed from the center over No. 6 or No. 4 primary 
iiiuiiis. 

The ])oiiits chosen for winters usually have primary mains 
radiating in three or four directions, and as the capacity of the 
main is about 50 amperes, this limits the current on a feeder to 
a value bc*twcen 150 and 2(K) amperes. At 2200 volts this repre- 
sents a load of about 7(K) kilovolt-ainp(*res on a three-wire three- 
phase circuit or IKK) kilovolt-amperes on a four-wire feeder. 
These values arc the maximum values pennittwl before providing 
an additional fec'der for relief. In prac‘tice there are always a 
part of the feeders carrying loads smaller than these, so that the 
average load on a group may not exceed 66 to 75 per cent of 
these inaxiiiia. 

Size of Conductor. The size of conductor used for feeders is 
therefore usually No. 0 to I To. 0000. At an average maximum- 
loatl current of 125 to 200 ami)eres these sizes are also economical 
when li.\ed charges and the value of energy loss on the feeder are 
taken into account. Where lines are overhc*ad, primary mains 
are usually made not less than No. 6 or No. 4 us a matter of 
mechanical strength. In central business districts where trans- 
formers are large and the mains are short No. 2 or No. 0 wire 
is often used. 

Emergency Facilities. The primary main system cannot be 
interconnected through fused junction boxes to i)ermit parallel 
operation as is done with a low-tension network. The working 
pressure Ixnng so much higher and the current values correspond- 
ingly lower than in a low-tension system, it is not possible to 
have a fuse cut out a section of main which is in trouble without 
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at the same time blowing fuses supplying other sections of main 
and thus spreading the trouble. It has therefore been found 
necessary to eliminate fuses from the primary main s>'stem 
except for the line transformers. Thus the mains from the center 
of distribution to the transformers are arranged according to the 
"tree” system f«)r tlie most part, each branch coming to a dead 
end and having only one fmling point. 



Where important service is dei)endent upon these mains, as 
in theaters, stores, and factories, it is necessary that the mains 
be so arranged and equipped as to permit the ready transfer oF 
important transformer installations to a reserve source of supply 
in an emergency. This is accomplished by arranging the primary 
mains of feeders which supply adjacent territory so that the 
branches of one feeder will terminate at the same point as 
branches of the adjacent feeders; these junctions are known as 
fmergency points. In case of trouble the load can be transferred 
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as soon as the “trouble-man” can locate the main which is in 
trouble and close the switch at one of the emergency points, 
thus connecting the circuits. 

Each important branch from tlie feeder is pn)vided with a 
disconnective pothead or other device at the point of supply so 
that this branch can be cut off, if in trouble, and servi(x^ resumed 
oil the remainder of the feeder. An example of this arrangement 
apiiears in Fig. J(). 

Economic Size of Conductors. Calndaticm of. The most 
economic size of conductor for a circuit is that for which the mnn 
of the rahic of the energy lost and the fixed charges on its first cost 
is a minimum.. The fixed charges should include those on that 
portion of the power station capacity which is absorbed in su|)- 
plying the loss on the circuit at the time of the maximum load 
on tlie plant. 

'I'lie energy losses increase as the size and the cost of con- 
ductors is decreased for a given load, and viccj v<*rsa. The plant 
capacity absorbed by the loss follows the same law. The value 
of the energy loss dop<*nds on the cost of production piT kilowatt 
hour. These items vary in different systems and the calculation 
is necessarily quite elaborate and complicated. However, it is 
found that under the average coiulitions in American cities the 
Iw'st sizt* for a given load may range from ().() to I ampt^re per 
1 ()()() circular mils Avithout greatly changing the total «)st. 

Current-Carrying Capaeily or Voltage Drop as Has is of Selcc- 
linu. Tlie selection of conductors on the basis of current-carrying 
tapacity usually results in current densities of about O.S to 
ani])cres ])cr I0(K) circular mils in the sizes used for distributing 
feeders, and where drop is the limiting factor, then* may be but 
(>."> ampere per 100() circular mils. Hence the selection of con- 
du<‘toi*s on the basis of carrying capacity or voltage drop gives 
results wliich are not far from the best economic sizes. 

PROTECTIVE EQUIPMENT 

Fuses. The use of fuses for protection in low-tension lighting 
systems is universal because of the low cost of fuses as compared 
Mith circuit-breakers. In power sj'stems where tlie circuits arc 
opened frequently the circuit-breaker is found to be preferable. 
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TABLE VIII 

Fusing Currents of Copper and Aluminum Wires 


S»R or Wire, A.W.Q. 



8 

1 10 

1 

1 12 1 
1 1 

14 

i Jfi ! 

1 IS 

1 

20 

y/d^ 

0.0-10 

1 0.032.5 

1 0.229 1 

0.0102 

1 

i 0.0114 1 

0 0081 

■ 0.0057 

FuHiiiK Current uf 
Copppr(unipercB) 

472 

334 

1 235 

106 ! 

I'irri 

83 

: 58 

Fusing Curn*nt of 
Aluminum 
(amperes) 

349 

24.5 

1 

i 174 

1 

12:{ 

86 

01 

43 


Tin* law of the operation <>f fuses was ileveloi)ed by Preece in 
188S. It may be stated in the form 

Current = «\/c/" 

d being the diameter of the wire expmssed in inches. Tlie value 
of the constant a varies with the kind of metal used. For 
copper it is 10,244; for aluminum ToSo; for lead 1370; for tin 
1642; and for iron 31 4S. The fusijig currents of copper and 
aluminum wiri's arc given in Table VITI. 

The protection of a distribution s\'stein is necessarily a com- 
promise between conflicting conditions. The location of fuses 
should be such that tiie area affwttMl by the operation of a fuse 
is small. On the other hand a fuse is liable to operate when it 
should not, owing to corrosion or poor contacts; therefore fuses 
should not be multiplit'd unnecessarily. 

Overhead Lines. In overhead a.c. lines experience h.«s deni- 
nnstrated that very few fuses should be uswl. The principal 
branches should be provided with disconncctives which can be 
reiidily used in locating trouble, and the use of fuses should be 
limited to branches where there is a continuous hazard, such as 
trees. 

Underground Low- Tension Networks. In underground low- 
tension netw'orks the sectionaliziug (with fuses) must be done 
with great thoroughness owing to the length of time required to 
make repairs and the importance of the service. Trouble on a 
distributing main should be limited to- the block in which it occurs 
and| if lines are carried on both sides of* the street, to one side 
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of the street. It is usual to place fuses at all junction points in 
networks. Sheet-copper fuses are generally used for this purpose. 
The section oi the copper where fiLsion takes place is designed 
to fuse at about twice its normal load. 

The feeders are fused at the point where they connect into 
the network to protect the network against trouble on the feeder. 
It is not usual to provide fuses on low-tension feeders at the 
station, as the operator can open the switch in case it is necessary. 

Transformers. When the network is fed by subway trans- 
formers, an additional link is introduml in the system. Both 
sides of the transformer should be connected to the system 
through junction boxes so that the unit can be easily cut oh' 
from the system if it burns out. 

Line transformers should be provided with primary fuses of 
such size that they will not blow unnecessarily. The porcelain 
type of fuse furnished with the transformer has proved very 
satisfactory for transfoniiers up to 20 kilowatts. Aluminum is 
uswl as the fuse metal up to 15 or 20 ampt^es at 2200 volts. 
Above 25 amperes A'arious types of fuse have bc‘cn tried, but the 
amount of energy concentrated at the arc makes the problem 
difficult. 'I'he cartridge fuse is effective to 50 ainperi's but it is 
difficult to keep it dry enough to y)revent the filler from absorb- 
ing moisture when us«l out of dcjors. 

Circuit-Breakers. Oil <‘ircuit-bn‘akcrs are preferable as a 
means «)f protection where automatic cutouts operate at frequent 
intervals and also for circuits oywrating at high voltages and con- 
trolling loads of too kilowatts and upward, lii general, the 
r*ircuit-breaker is c.xpcnsive in first cost but inexpensive in opera- 
tion, while the use of fuses involves a considerable maintenance 
charge but small first cost. 

Lightning Protection. Overhead distributing lines arc sus- 
ceptible to the effects of lightning. A discharge among the clouds 
causes an abrupt discharge of potential on the wires, which must 
be given an opportunity to escape to earth without injuring the 
insulation of the apparatus. 

The function of lightning arresters is to protect apparatus by 
passing the discharge of lightning to ground without permitting 
the arc thus established to be maintained. This may be accom- 
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plished on potentials up to 600 volts by a short gap of non- 
arcing metal. At 2200 volts or higher several gajxs in series are 
necessary with a resistance to limit the current. Since each wire 
of the circuit is affected, discharge gaps mast be provided betw^een 
each wire and ground. 

In systems having one side grounded every discharge is 
likely to he followed by the generator current, as there is a fixed 
differeiK*e of ])otential betw'eeii the circuit and earth. Arresters 
on grounded systems must therefore meet more severe requirt*- 
ments than those on ungrounded systems. 

Types of Arre-rters, The wide range in severity of lightning 
flashes makes it well-nigh impossible to design an arrester which 
will protect apparatus and yet withstand the effects of a direct 
stroke at any point near-by. The arresters described in the 
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Fig. 17. Suicnoid Type Lightning Arnteter 

succeeding paragraphs include the leading commercial types \\hich 
have been used in distribution vrork. 

The Garton-Daniels arrester, Fig. 17, consists of air .aps and 
resistances, with a solenoid so arranged that the plunger is raised 
by the passage of the generator current, thus placing additional 
gaps in sene's and rapidly diminishing or stopping the flow of 
en<Tgy. The lightning di.scharge passes acro.ss the shunted gaps 
to ground, owing to the inductance of the solenoid. 

A multi-gap arrester, or modification of the spark gap and 
resistance ty|jc of arrester, has been employed quite extensively. 
This is illustrated in Fig. 18 as made for 2200 volts and consists 
of three paths of discharge: one which has a high resistance; 
another which has a resistance of about 300 ohms; and a third 
which consists of thirteen or fourteen gaps without resistance. 
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'J'he impedance of the unit is such that discharges of very high 
frtHjuency pass over the thirteen or fourteen gaps, while those of 
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ilg 18. Multi-Path .Vrrtutor 

lower frequency pass ov(‘r the smaller inimhcr of gaps through 
one of the resistaiutvs. 

The compression typo of arrester, J<'ig. 19, consists of a scries 
rt*si.stance with air gaps as.soinl)led insi«l(i of a pt)rcelain lube, the 
top of which is capped and sealed. The air gaps are surrounded 
by a grounded strip of iron outside the lube, which acts as a 
nieuns of equalizing the potential gradient. The discharge of 
the arrester exjiaiids the air aiwl ctnnjiresscs it since the tube is 
scaled; hence the name comjircssion tyj^e. This arrester, having 
but one path to ground, is of limitcHl capacity. 

lAM'ation of Arrcuirrs, All the above-<Iescribod tj'pes of 
arrcstt'rs are in general use on distributing systems in America, 



Fig. 10. ComprcHBion Type Lightning Arrestor 


and each gives reasonably good protection to apparatus when 
placed in its immediate vicinity. Experience has demonstrated 
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that lightning discharges do not travel any great distance along 
a line. The arrester must therefore be as near the apparatus as 
prarlijcable and preferably on the same pole. Complete protection 
of distributing transformers would require that an arrester be 
placed on every transformer pole. The experience of large com- 
panies, however, has been that the cost of the damage to apparatus 
from lightning is not as large as the fixed charges on the arrester 
equipmtMit when (X)inplete protection is provided. 

SECONDARY DISTRIBUTION 

Systems Used. The secondary mains of an a.c. system serve 
users in a local area, while the primary mains supply larger areas. 



Fig. 20. ConnertiiiiiH of Standard Iiinc Tranaformem 

The system of secondary distribution most used is the single- 
phase three-wire Edison system at approximately 110-220 volts 
for lighting and small motor service, and 220-volt two-phase or 
three-phase for general motor service; 440 volts and 550 volts 
are also used to some extent for power systems in industrial 
plants. For the supply of mixed service of lighting and motors 
from a secondary network the four-wire, three-phase system at 
115-200 volts or 120-208 volts, approximately, is sometimes used. 
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The connections for single-phase two- and three-wire appear in 
Fig. 20, and those for three-phase power in Fig. 21. 

The voltage of general distribution systems must be low 
enough to be adapted to incandescent lamps, fans, heating devices, 
and other small accessories, which are preferably made for a 
\’oltage around 110. Motor voltages are higher in order to 
secure economy of conductor investment. 
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Fig. 21 Thrvc*PhBHP Delta Connectiona 

Line transformers are usually wound w'ith a ratio of 2200 to 
110-220 volts so that they may supply a three-wire secondary 
main. The voltage for motors of 1 hp. and larger being 220, 
the same stock of transformers may be used for light and for 
power service. 

Where light and power are served from a three-phase sec- 
ondarAr', the light is put on one phase if it is small as compared 


133 



42 


ELECTRICAL DISTRIBUTION 


with the power load, as in Fig. 22. Where the lighting is the 
principal load, as in a retail store district, the light and power 
are sometimes served from a Y-connectcd secondary main, as 
shown in Fig. 23. This system Ls harder to keep balanced than 
a three-wire Edison system and involves a ft)ur-wire service for 
the largtT consumers and for those ha\'iiig light and tliree-phase 
power. It is therefore not used very generally. 

Separate Transformers for Large Motor Loads. The design 
of secondary systems is subject to restrictions when inductive 
loads, such as arc lamps and motors, must be served along wdth 
ineandc^scent lighting. The heavy starting current required by 
induction motors may momentarily overload the transformer and 
the secondary main. This causes a flickering of incandescent 
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lamps served in the vicinity. It is necessary, therefore, to install 
separate transformers for installations of nu>tors if ihc best regu- 
lation is required for incandescent lighting. Motors hi’gcr than 
10 hp. cannot usually be supplietl from a ligiiting network with- 
out interfering with the service. 

Selection of Transformer Sizes. The selection of the size of 
transfonners for various classes of consumers is important since 
excess capacity involves idle investment and unnecessary core 
losses, ^^he^e a number of consumers are scr/ed by one trans- 
former, the various maximum demands do not occur simul- 
taneously and the resultant maximum demand is less than the 
sum of the individual demands. 

Demand Factors. Certain ratios of maximum demand to 
connected load may be established by a series of measurements 
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for the various classes of consumers for which it is necessary to 
select transformers. These ratias, or demand .factors, may then 
be applied with reasonable accuracy t«> the transfonners for new 
consumers. 

In store liffhtin{( the maximum <lemand for witulow lightiiiK, 
signs, and other display lighting is from 00 to JOO per cent of 
the connected load. 'I'he demand for intermr storti lighting is 
from 50 to 70 i)er cent. 

In residence lighting where the ef)iMM‘eted load is fifty lamps 
or less the average d<*:nand factor of a group of residences is 



FIk 23 f«ir LuTht aiul I’« * rrom Thrpp-I’hosi 

SiViiinliiry, Iiip.l't I .irpe 

from 1.”) to 20 ])er cent «>f the eonneeted h)ad; small residences 
and aT)arf incuts having coniieeti'd loads of tw’(*nty lamps or lcs.s 
average about 20 per cent of the eoniieete«l loail. 

In theater lighting the bordef* lamps and the foot lamps, of 
several colors, are not u.sed sinmltaiieousl\ ; and the stage and 
the auditorium are not lighted simultaneously except for a very 
few miimt<'s at a time. In a small theater the demand factor 
may he from 70 to 85 per cent, while in a large theater it fre- 
quently runs as low' as 50 jx;r cent. 

In general, a higher ratio must ho used where there are but 
few consumers served from one transformer than w'herc there are 
more, as the occasional maximum demands of individual consum- 
ers are proportionately much larger. 
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The selection of transformers for motor loads is more difficult, 
as the maxiniiiin load may vary greatly from day to da}' or from 
month to month. Elevator and crane motors require transformers 
having 100 to 125 per cent of the rated motor capacity, unless 
there are several motors supplied by one unit; this is necessary 
in orricr to hold iip the pressure in starting. 

For general power service the maximum demand is apj)rox- 
imately twr>-thir<ls of the eoniic'cted load for installations of 
several motors aggregating not over 30 hp. Over 30 hp. it is 
usually from 45 to 00 per cent of the connected load. 

Stages in Development of Secondary Systems. In the <liK- 
tricts where consumers are very much scattered there are often 
transformers supplying only one or two consumers with perhaps 
only tw<i or three sjjaiis of see<mdary main. In other districts 
there are enough (‘onsunicrs to ha\'c* a transformer in each block, 
but the systi'ins are too siiiall to join together in parallel. In 
the more congested districts the sec*ondary mains arc eontiiuious and 
are coniu'cted in parallel so that the adjacent transformers may 
assist each otlier in carrying heavy loads -which may come on at 
certain times at various points on the system. As a city grows 
the secondary system is changing from one of these stages to 
another. 

In scatterc<l districts, when a new cf)nsiimer is to be added, 
the problem usually is wlicthcr an additional transformer shall be 
installed or an existing secondary e.xtended, or, if a secoinlary is 
available, w’hether an existing transformer shall be replaced by 
a larger one. If no seeomlary is available, the cost of extending 
the nearest one slioiild be compared with the cost of installing 
a transformer. It is usually more economieal to extenri the 
secondary than to install a new transformer if the cost of the 
extension d(M*s not gnxitly exceed the cost of the transformer. 
In some cases it is necessary to increase the transformer capacity 
as well as to extend the secondary and this siiould be taken into 
account in making comparative estimates. 

Interconnected System. Where the system is of such size as 
to be interconnected, this Is usually done through sectionalizkig 
fuses located at a point about midway between transformers, so 
that in case a transformer is cut out by the operation of its 
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fuses, the transfer of the load to the adjacent transformers will 
blow the sectionalizing fuses rather than the fuses of an adjacent 
transformer. If the fuses of adjacent transformers were blown, 
this would further overload the remainder of the interconnected 
system and put the entire system out of scr\'ice. This possibil- 
ity is the chief disadvantage of iiiterconiMH'led oiHTation, and the 
location and the size of the sectioiializiiig fuses must be care- 
fully selected so that these fuses will operate in an emergency 
iHjforc the fuses of adjacent transformers operate. 

Where the arrangement of lines is sueli that the secondary 
mains are chiefly in straight lint's without interst'ctiug mains, 
there is little gained by the operation of the st't'ondary mains of 
adjacent transformers in j)arallel. 

The spacing of transformers is often fixed by the arrangement 
of strict intersections, these naturally forming the points of 
location for transformers, from which they may fix'd mains in 
four dirt'ctions. This usually results in a spacing of from 450 to 
(KK) feet, an<l this arrangement is fortunately consistent with the 
use of economic sizes of conductor for various loads. 

For a given spacing tlie size of the conductor should be such 
that lighting consumers midway between transformers receive 
pressure not more than 2 jkt cx*nt 1m*Iow that at the transformer 
terminals. For power service it is |K'rinis.sihle to liax c a secxmdar.\’ 
drop of 4 to 5 per «uit. 

It is desirable, liow'ever, in <*onstruetiiig lines where there is 
likely to be grow'th, to put in eoiiduetors of greater size than is 
immediately required us it is exi)onsive to rejilace a secondary 
main when there arc a multiplicity of service taps eoniiceted to 
it and this expense may easily oflVt any saving made in interest 
charges by deferring the investiueiit in (;oppcr a few years. 

Grounding. For the protection against high voltages of those 
using the service in buildings it is desirable that secondary mains 
be permanently grounded. This is done by connecting the neutral 
wire to water pipes or to a galvanized pipe driven into the 
ground about 8 feet at the base of a pole. It is desirable to have 
two or more groimds at different points. Water-pipe grounds 
are usimlly more dependable than driven pipes. Grounds should 
be connected at the points indicated in Fig. 24. 
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Transformer Connections. The connections of standard line 
transfonners arc shown in Eig. 20. These transformers are usually 
made with two secondary coils, which permits their use for 110 
volts to siij)jjl\' lighting on the twf)-wire system or for lighting 




or power on the three-wire Edison system at 110-220 volts at a 
ratio of transformation of 10 to 1. Some systems oi)eratmg at 
approximately 2080 volts use a standard transformer having 
windings for 2080 volts to 115-230 volts, making a ratio of 
approximately 9 to 1. 
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TKe connection for three-phase three-wire is shown in Fig. 21 
and is familiarly known as the delta connection. The four-wire 
connection in Fig. 23 is produced by connecting all right-hand 
terminals to the phase wires and all left-hand terminals to the 
neutral, or vice versa. This connection is called the Y connection. 

In Y-connected four-wire distribution systems the pressure 
is operated at about 2200 volts Ix^tween the neutral and each of 
the three-phase wires, giving approximately 3800 volts between 
the phase wires. Hence in onler to use standard 2200-volt dis- 
tributing transformers for threc-j)hase jK)wer the transformers are Y 
connected on the primary side. The neutral eoiiduetor is usually not 
connected to a Y-connected power installation of three transformers. 

The secondary connections for transformers with delta- or 

Y-connected primary may , 

be made for delta three- 

. . . - . ^200 w tvav 

Wire operation or for Y ^ 

operation with either three 

or four wires. ' 

Booster Transformers. « 

Single-Phase System, When 3 -J 

it is necessary to raise pres- ^ Connrci™, f„r 
sure when line drop is ex- 
cessive, this may be accomplished in a singlc-])huse system in steps 
of 5 or 10 per cent by a standard 1 10-220 volt transfonner so con- 
nected that the secondary is in scries with the primary main line. 
Tliis raises the priinarj' pressure by the amount of the secondary 
voltage, thus boosting the pressure of the circuit, as shown in 
Fig. 25, by 110 volts, or 5 per i*ent. This increase in pressure 
is independent of the loud carried by the circuit, and therefore 
the pressure is maintained at a point about 5 per cent above 
normal during the hours when the load is small. 

It is desirable to place boosters as near the source of supply 
as possible, since the booster adds to the current drawn by the 
branch of the circuit in which it is connected. 

The transformer used as a booster must have a capacity of 
at least 5 per cent of the maximum load on the main line, and 
if it is to boost 10 per cent, it must be able to carry 10 per cent 
of the load, etc. 


Fiff 25 , Cnniirctiuiitf for KrnwtiT I'ruiiHformer 
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With the secondary reversed the transformer becomes a 
choke, depressing the line pressure instead of raising it. The con- 
nection of the secondary for booster or choke must usually be 
determined by trial for any given type of transformer. 

Polyphase Systems. The use of boosters in a delta-connected 
three-phase system is not so simple as is the single-phase applica- 
tion. The insertion of a booster on one phase affects the pressure 
on two phases. The effect of inserting a booster on each phase 
is shown in Fig. 26 in the dotted triangle. A booster on each 
j)hase connected for 110 volts adds 7.5 per cent to the pressure 
instead of 5 pe** cent. 

Three boosters are required to keep conditions in balance in 
a three-phase three-wire circuit. In a Y-coniiected three-phase 

four-wire system the boosters may 
]»e connected in such a way that 
the pressure is controlled in each 
})liasc independently of the others. 
The booster is put in scries with 
the phase wire, and the primary 
is connected from the same phase 
to the neutral. 

Booster schemes should, in 
general, be regarded as tentative 

Fig. 20. Effect of BrK»to™ in Three.Ph««,. rcmcdics rather than permanent 
Three-Wire cimut schcmes of opcratioii. They 

should be eliminated as soon as the density of the load justifies a 
sufficient number of feeders to make their u.se no longer nec- 
essary. 

Autotransformers. The intnxluction of incandescent lamps 
having characteristics which render them most durable at the 
lower volta^s has greatly increased the field of application of 
the autotransformer. It is desirable in plants using 220-volt and 
440-volt systems to have llO-volt circuits available for lighting. 

The connections in Fig. 27 are those for two-wire 1 10-volt 
distribution on a 220-voit system with an autotransformer, the 
load being assumed to be 20 amperes. The distribution of cur- 
rent in the winding is indicated, from which it is evident that 
the capacity of the transformer b 50 per cent of the lighting load. 



14$ 



ELECTRICAL DISTRIBUTION 


49 


When the lif^hting is distributed on a three-wire 110-220 volt 
system, the transformer carries only the unbalance of current in 
the two sides of the system, as shown in the three-wire circuit in 



Fig. 27 ConiipctiotiH for AiitofranHfurmcr 

Fig. 27. In many cases the capacity iimJ be only 25 per cent 
of the lighting load. 

The lighting distribution in a 440-volt system is preferably 
accomplished by a standard tran.sformer stepping from 440 volts 
to the thn*e-wiif 110- 220-volt system. This requires transformers 
of capacity equal t<j the load and is desirable in order to prevent 
the lighting circuits being raised to 140 vi)lts from gnmnd. 



fi'ig 28 Cofiiwctiuna for Three-Plioae Servic«. Opeu Delta Secondary 

Three-Phase from Two Transformers. Two connections are 
possible for the purpose of securing three-phase from two trans- 
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formers — one known as the open delta and the other as the 
T connection. The open delta connection for a three-wire system 
is shown at A in Fig. 28. This is merely an ordinary delta con- 
nection wiili one transformer left out. A simple rule by which 
thb connection may be kept in mind is that tke middle wire of 
the line goes to the middle point between the transformer on both 
primary and secondary. In order to reverse the rotation, the two 
outside wires must be interclianged on the primary or two of 
the three crossefl on the so(x)ndary side. At B in Fig. 28 is 
shown the open delta connection supplied from a three-phase 
four-wire systeni. In this case tlic primary is connected to 
two of the phase wires and the neutral wire. To reverse rota- 
tion on the primary side, the phase wires should be inter- 
changed. 

With the open delta coniuv tion the current in the coils is 
15.4 per cent more than it is with three transformers. That is, if 

thri'e 5-kilowatt transformers are 
fully loaded by a given installa- 
tion, they may be replacwl by 
an open delta set of two 7}-kilr)- 
watt transformers, but the coils 
of the TJ-kilowatt units will be 
overloaded 15.4 per cent at full 
load of 15 kilovolt-amperes. 

Two-Phase Three-Phase 
Transformation. The T connec- 
tion may be used in ' ' ansforming 
fn)m three-phase to two-phase, or 
vice versa, as shown in Fig. 20. This is als«> called the Scott 
connection. It will \ye noted that one transformer must have a 
tap brought out so as to make the ratio of transformation on 
that unit from lOOb to 220 in.stead of 2200 to 220 as in the other 
unit. Standard ligliting transformers art* not usually equipi^ed 
with 80.(j per cent tups. 

It is impossible to derive 4 10- volt three-phase supply from 
a two-phase supply except with 44(>-volt transformers since trans- 
formers will not operate in series uii the T-connected side of such 
a combination. 


i5 
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Fig. 29. Two-Phane .Service from 
Throe>Phasi* Mains 
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LINE CONSTRUCTION 

OVERHEAD CONSTRUCTION 

Woods Used for Poles. The usual form of overhead con- 
struction in American practice consists of wooden poles with the 
wires carried on crossarms. The woods which are best suited for 
pole work in America are the Michigan white cedar, western 
.cedar, chestnut, and pine. Other wckkIs are used, but to a lim- 
ited extent. 

Michigan cedar grows with a natural taper of about 1 inch 
in diameter to every 5 or 6 feet of length, except near the butt 
of the pole, where it flares out somewhat larger, making a very 
substantial and rigid pole. 

Chestnut poles arc found in the New England states and in 
the Appalachian range as far south as North Carolina. Chestnut 
is considerably heavier tlian cedar and is more likely to have 
knots which affect its api)carance unfavorably. The sapwood is 
thinner and harder than that of eeflar, and it is therefore some- 
w'hat less adaptable to the use of spurs in doing line work. 

Western avlar is found chiefly in Idaho and Washington and 
has less taper than Michigan cedar, about 1 inch for each 9 feet 
of length. 

Height of Poles. The height of j)oles selected for distriiiu- 
tioii purposes is governed by the requirements of clearance over 
local obstructions and by ilie number of crossarms to be carrieil 
on the poles. Clearance over trees is esj)ccially troublesome in 
residence sections where trimming is not iMTinitted. 

In general, it is not desirable to use jKiles less than 30 feet 
long w'here primary lines are r*arried, and in built-up sections a 
minimum size of 35 feet is jjrcfcrable. Where joint construction 
with another company is uswl, it is customary to use no poles 
smaller than 35 feet. 

The use* of high poles is to be avoided wherever possible, in 
view of the cost of installation, the increased danger of failure 
in storms, and the diilieulty of handling transformers and service 
connections. 

Location of Poles. Poles should be placed close enough to 
keep the sag within safe limits and to provide a sufficient number 
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of points at which service drops may be taken off. The spans 
near self-supported corner jwles should be about 75 feet if pos- 
sible in order to relieve the strain on the corner poles. The 
poles should be placed opposite lot lines as far as practicable to 
avoid interference with the rights of abutting property owners. These 
requirements are usually met by span lengths of KX) to 125 feet. 

Protection of Poles. The appearance of poles is usually of 
such importance that it is considered good policy to remove 
knots and give the poles two coats of paint. All poles which are 
likely to be climbed frequently, such as transformer poles and 
poles carrying fuse boxes, should be provided with pole steps. 
Poles which stand at corners where they are subject to abrasion 
by the hubs of passing vehicles should be protected fn»m injury 
by the attachment of hub guards. The guard usually consists of 
a piece of plate iron bent to t*ie ai)proximate curvature of a 
pole and secured by suitable spike's. 

Gains. The pole should l)e cut for the reception of the cross- 
arms before it is erected. These incisions, called gains, should be 
about J inch deep and of the necessary width to receive the arm. 
The distance between ctuiters must be sufficient to allow a safe 
working simee for linemen; the spac*e usually allowed is 24 inches. 

Pole Setting. Ex])erM*ucc has shown that the following prac- 
tice is consemitive for .setting poles in a .straight line: 

Size Polo (ft.) ao 40 45 .W 55 tiO 70 

Di'pth (ft.) 5 ,5.5 0 15.5 0.5 7 7 7.5 

Corner poles should be .s<*t aljoiit b iiichejs deeix;r tlsaii the rigure.s 
given in the tabulation. Th<* character of the soil and ti' • diameter 
of the butt of the pole affect th<,*se figures in some ca.scs. In rocky 
soil w'here bowlders may be tamped about the ]>olo it need not 
be set so dee]). Where swampy soil is encountered, the sinking 
of the pole may be accomplished by tlie u.se of a sand barrel. 
This consists of a sheet-iron cylinder about .'<() inches in diameter 
and 3 feet long which is separable into two pans lengthwise. 

In case the earth filling docs not give sufficient stability, this 
may often be obtained by the use of concrete filling from 6 to 10 
inches thick at the base of the pole and at the ground line. 
This has the effect of increasing the Ix'aring surface of the jwlc 
and will prevent pulling out of line. 
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At corners, bends, aiul dead ends which cannot be properly 
guyed the pole carrying the strain must be self-sustained by the 
use of concrete or by timbers secured to the pole. Poles having 
toj) diameters of 8 to 10 inches should be used for this class of 
work. 

Guying. At all iwints where the direction of a line changes, 
the tension of the wire should be supported by guying equipment, 
if possible. Guy wires an* securc*d in various ways, depending 
upon the space available. When the guy wire can be brought 
down to the ground, the guy cable mu>’ be secured to an anchor. 
The hn'ution of ]jolcs is often such that guys cannot be run 




directly t(» anchors without interfering with traflic. Such guys 
must be run to a stub and attaclicd at such a height as to permit 
free passage underneath. Gu^s over roadways should clear the 
crown of the road about 20 feet, and those over pathways should 
clear 12 feet. The various forms of guy attachments are illus- 
trated in P'ig. 30. 

Where side-arm construction is used, it is necessary to support 
the crossanns as well as the pole at corners and ends by means 
of guys attached to eyebolts in the anus. 

Guy Cables. Steel wire or cable should always be galvanized, 
since plain steel wire is subject to rapid ci>rrosiou. It is very 
difficult to bend steel wire in sizes above No. 8 B.W.G. with- 
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out impairing its strength. It is therefore generally used in the 
stranded fonns for guying purposes. 

Two sizes of stranded cable are commonly used for guying 
work, namely: } inch, having an ultimate tensile strength of 
2300 pounds; and J inch, having a strength of 5000 pounds. The 
2300-pound wire is used for the support of lines having one cross- 
arm only and for guying single arms in side-arm construction. 


6 PIN ARM 


^ T i . -t j - t t rg 

t*— 11 ' JO* if— L/f 
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Fig. Ul , DinicnsiuiiB uf CrosBanns 

I/arger lines and heavier strain? are eoininonly carried by the 
5000-pound size. 

Strain Insulators. The proximity of guy cables to primary 
wires affords opportunity for leakage and makes them subject to 
crosses with live conductors. It b therefore important that guy 
cables be equipped with strain insulators for the protection of the 
public and of linemen. The strain insulators are put in about 6 
feet from each end. 

Crossarms. In the selection of wood for crossarms longleaf 
Southern pine and Douglas fir are the best woods because of their 
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straight grain, high tensile strength, and durability. The grain 
should be straight, and there should be no knots over } inch in 
diameter. 

Experience indicates that a cross-section 3i inches wide by 
4} inches high is ample for the average requirements of dis- 
tributing lines. 

Pin SjHimngx. Under the usual working conditions it is not 
safe to use pin spaeings narrower than J2 inches for primary 
wires; 14 to 15 inches Ixitween centers is prefcrnhle. In general, 
the wider spaeings are common on four-pin arms and the narrower 
on eight-pin. The s])acing of pins next to the pole must be such 
that suflScient room is left for linemen to gi‘t up tlinnigh the 
lower wires safely to work on the u])i)er arms, 30 inches being 
required between pole ])ins. The dimensions and spaeings of 
standarvl cnissarms as recoiriiiiciidc'd by the National J'ilcctric 
Light Association arc shown in Fig. 31. 



Fig Doublt'* Xnii 


Side Anns. In cities wlierc alleys are used for distributing 
lines the presence of buildings necessitates the use of side arms, 
or alley arms, as tlicj’ uix' coinujonl\ kin)wn. 

Double Arming. At corners, terminals, and other points 
where there is an unusual strain the jiolcs should be fitted w'ith a 
double arm equipment so that the strain will be carried by more 
than one support. Tlic anns sliould be i)oitc(l together at the 
ends by spreader bolts having nuts which clamp the arms on 
both sides. Fig. 32. 

Ann Bolts. Arms are fastened to the pole by bolts. The 
bolt is fitted with a nut and washer on both ends and should be 
I inch in diameter and from 12 to 16 inches long, depending upon 
the diameter of the pole. 

Arm Braces. In order to hold the crossarm firmly in a hori- 
zontal position, braces must be provided. These arc usually of 
strap iron about } inch by 1 inch by 26 to 30 inches long. A 
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side arm must be supported at a point farther out from the pole 
than a center arm, and it is therefore usual to use a bra(*e of 
angle iron such as tliat shown in Fig. 33. 

Pins. Pins of wood are preferred for distribution work. 
Locust, elm, oak, and other woods are commonly used, but locust 
is superior to all others in strength and durability. Pins should 
be coated with white lead before being put into the pin holes 
and should then be secured by a sixpenny galvanized nail, it is 



Fijr .33. Side -\rni Brarp Connfruption 


usually best to fill all pin holes with pins in tlie sliop before the 
arms are sent out for use. 

Insulators. The most common type of insulator used in dis- 
tribution work is that knowm as the deep-groove double-petticoat 
insulator of glass or porcelain. Fig, 34. The dimensions of tins 
insulator arc sufficient to carry circuits operating at potentials up 
to 5000 volts safely with standard wooden pins. The groove is 
ample for any size of weatheri)roof wire up to No. 0000. The 
line wire is secured to the insulator by a tie wire laid in the 
groove and twisted around the line wire several times at each 
side of the insulator. 
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Clearance from Trees. Wliere ])rimary lines are carried 
through trees, care must be ttiken to provide clearance from 
limbs. If the necessary permission can be obtained for judicious 
trimming, it should be done. When the trees are very large, it 
is usually preferable to carry tlie wire's through the larger limbs 
below tlie main body of leaves. When trimming is not permis- 
sible to a sufficient extent to l>c effective, tree wire ha\dng about 
l/^-inch rubber insulation covered with a layer of steel tape may 
be used. 

Arrangement of Wires. The j>osition ol‘ wires on the cross- 
arms should be assigned according to a systeniatic ])lan. Circuits 
should be ke])t on the same side of the poh' and in the same pin 
space's thnuighnut their course to facilitate lo(‘ati(»ii of trouble and 
to eliminate the possibility of aeeidents. In 
general, through lines and the highest voltages 
should be carried on the upper anus; and dis- 
tributing mains and are circuits supplying lamps 
*n the vicinity should be carr«*il on tlic lower 
anus. The lower voltages should be carried 
on the lower pole pins. Wliert; si<le arms are 
used, the primary wires should Ik; carried at 
the outer end of the arm. Tlie wires of a given 

. . 1111 • 1 !• Ili’i'p Grririvi' 

circuit should be earned on adjacent Duiibic-ivuipuat 

and tlie neutral of low-tension or secondary 
wires sliould be carried in tiie middle. On three-phasi* four-wire 
lines the neutral should be carried at one side* of the phase wires 
and, as far as jiossible, on one of tlie pole jiiiis. In carrying 
eonneetions across the pole for transformers, or services, one side 
of the pole should be left free for climbing. 

Johil Occupancy. The use of a joint line of poles is prefer- 
able to separate lines on thonnigli fares where there arc serv'icc 
drops. Witli lines on opposite sides of the street the service* 
drops of the lighting company must jiass uiuler or through the 
lines of the signaling company on the other side, and vice versa. 
Where poles are occupied jointly by electric light and telephone 
or telegraph companies, the lighting wires should always occupy 
the upper part of the pole, as the signaling wires are more likely 
to break than the lighting lines. A clearance of about 4 feet 
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should l)e inuintairicd between the lower lighting wires and the 
telephone wires. 

Transformer Installation. Transformers arc commonly sup- 
ported on crobsarnis by iron hangers, Fig. 35. This class of con- 
struction is suitable for transformers of capacities up to 5 kilo- 
watts. With units of to 15 kilowatts it is usual to use double 
arm construction for the arms on which the transformer hanger 
irons are carried. Units of 20 to 40 kilow'atts are usually siif)- 
ported by a siiecial 4 by 5-inch arm or by some form of bracketed 

platform placed below the 
transformer in such a w'ay as 
to sharf; a pr)rtion of the 
w'eight. Single units should 
be hung in the middle of the 
crossurm and not at one side. 
Where two or thrt^e trans- 
formers are mounted on the 
same pol<i, they must be so 
disposed as to give access to 
primary cutouts with as little 
risk us possible to linemen. 

Two or more poles with 
a platform between. Fig. 3(), 
arc used for suppoiting instal- 
lations of three transformers 
of 40 kiiow'ai ts each or larger. 
The poles are rc’ iforccfl at 

Fig. 35. Installation uf PuU* Line Trsiwfoniicr tllC blitt bv COllcrt'te tO in- 
crease their stability against sid/* .strains. The weight is carried 
by tw'o 3 by lO-inch timbers w'hich are bolted to the poles and 
on W'hich the platfonu is laid. The iirimary cutouts are all acces- 
sible from one side <»f the structure. 

Service Connections. If there are several services taken from 
the same pole, the use of a buck arm is best, us services can be 
taken to both sides in any desired number from one buck arm. 

The attachment of service wires to buildings is one of the 
most troublesome details of distribution work, owing to the vary- 
ing character of buildings, lengths of drops, and angles of approach. 
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Witli framv buildings wooden brackets and spikes are used for 
spans up to 60 or 75 feet. With brick or stone buildings, how- 
ever, this construction is not reliable, and holes must be drilled 
for expansion bolts to support iron brackets. A \iToiight-iron 
bracket, one form of which 
is shown in Fig. 37, is sui> 
ported by two bolts. For 
larger services a more 
rugged malleable-iron 
bracket is retjuired. Fig. 38. 

The installation of sec- 
ondary mains on vertical 
racks, Fig. 30, has been in- 
trcnliKwl in recent }'ears. 

This (X)n.striu‘tion is well 
suittxl to resi(l(‘nce dis- 
tricts. It is usual to place 
a vertical rack on each side; 
of the pole wliere services 
are taken off on both sides 
of the line. 

Ill making a loop on 
series circuits, an iron fix- 
turc — known as a break 
arm — ^liaviiig tivo pins and 
so arranged that it can he 
used in place of a line pin, 
is used. 

UNDEROROUND CON- 
STRUCTION 

Extent of Use. Under- F«.30. secondary Main carried on 

, . . 1 Vorttcal KackH 

ground construction has 

been used in the larger cities from tlie beginning of the elec- 
tric lighting industry. Considerations of apjiearance and space 
prevent the use of overhead lines in the congested parts of 
large cities, and the greater first cost of underground construction 
is justified by the increased security to the service of important 



consumers. 
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Edison Tube System. The underground s^’stem devised by 
Edison was the earliest one adopted, and it remained standarr] 
for low-tension distribution for about fifteen years. This s.^'stem 
is discmserl unrlcr Direct-Current Edison System. 

Conduit System. Al>out the year 1897 <*ablcs drawn into 
ducts began to l)c employed for heavy feeders. This change was 
made on account of the inability of the tube feeders to carry 
overloads without causing burnouts. Furthermore the necessity 
of opening street pavements in each case where repairs were made 
was objectionable, as several openings were often made before the 
trouble could be definitely located. Service connections in the 
newer system are maile in much the same way as in the tube 
.services, the joints being enclosed in a T coupling box of iron. 
In cases where it can be us(jd to advantage such construction is 
supplanting Edison tube work since the cost of the two systems is 
about the same. 

Construction of Conduit Systems 

Types of Ducts. Alternating-current and series arc systems 
installed in situations reciuiring underground constructions cannot 
use a system similar to Edison tubes because of the higher volt- 
ages employed. A variety of plans have been tried, but the 
draw-in conduit system with manholes for handling the cables is 
the only one which has survived. Among the various forms tried 
out were duets of concrete and clay tile. Since these materials 
arc fireproof and of indefinitely long life, they have been used 
very extensively. In later years there has been pri'duced a fiber 
duct having ample mechanical strength when surrounded by con- 
crete. This tj-pe of duct is made in lengths of about 5 feet, is 
easily handled because of its light weight, and when laifl with 
concrete between adjacent ducts, makes a durable structure. It 
has advantages fur lines where the cost of transportation and of 
the breakage of tile duct is large and has been used for light and 
power distribution to a considerable extent. 

Laying Out a Conduit Line. In the design of a draw-in duct 
system the number of ducts and the size and the location of 
manholes ore the important considerations. There must be enough 
ducts to care for distributing feeders and through lines and to 
make an allowance for future requirements. 
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The rescn-'ation of duct space for future requirements is very 
important if the system is growing, as the expense of adding a 
few ducts at a later date is much larger than that of laying them 
at the outset. It is desirable to lay sufficient ducts to care for 
requirements for at least five to ten years ahead. It is usual to 
lay not less than four ducts in a line, except on streets where 
there is no probability that the line will cv(‘r become part of a 
through line. In such cases two ducts will meet the n'quireinents. 

The maximum number of ducts winch it is advisable to put 
into a line is governed chiefly by considerations of safety to the 
cables. With a large number of ducts in one line the mimlKT of 
cables exjMised to injury in case of a manhole fire is so great that 
the resulting interru])tioii of service may be very serious. It is 
therefore good practice to limit duct lines to about twenty-four 
ducts as a maximum in ihe vicinity 
of stations where large mimlH^rs of 
ducts must be provided. 

In arranging the duct formation, 
it is desirable to [duct* the ducts so 
that the cross-section will be approx- 
imately square since this requirtvs a 
minimum of concrete in the out<*r 
easing. However, with twelve, six- Cnji»-section of Duct line 

teen, twenty, «)r twenty-four duet lines it is preferable not to exceed 
four ducts wide. With ducts urranged as in Fig. 40 a double row 
of c;ables may be trained around each side of the manhole, making 
all cables accessible for repairs. 

Near a station wliere tlic energy available in case of a cable 
burnout is sufficient to damage tin* conduit system it is desirable* 
to separate the middle vertical lows of lines having twelve or 
more ducts by filling the space urith about 3 inches of concrete. 
This limits the cable damage to one-half of the line. 

Location. The draw-in system involves the construction of 
vaults called manholes at points where the cable must be jointed. 
Where long runs occur without intersecting other lines, manholes 
must l)e so spaced as to permit the cable to be drawn in without 
damage to the insulation. This requires that they be not over 
fKX) feet apart. 
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As far as possible manholes should be located with a view to 
their being used as intersection points later; that is, they should 
be located so that any conduit line built later on an intersecting 
street may be connected with existing manholes. 

The number of manholes required for underground service 
connections is depcnflcnt somcw’hat upon local conditions but must 
usually be sufficient to permit service ])iix*s to be brought in at 
intervals of 1(K) to 2(K) ft^t, Fig. 41. 

Design. Manholes locatcxl in a straightaway line should be 
so designed that the cables may Ih^ traiiitxl around the sides with 
a minimum of waste cable and yet with sufficient space to enable 
a jointer to work efficiently. Such a inanholc is illustrated in 
Fig. 42. Where the Hue intersticts anotiier duct line, a di 



must be used which aflords nami for working and also for cables 
going both wa^'s. At such points a square design is ])referable. 
Fig. 411. 

It is usual to provide ipaiiholes 5 feet by 5 feet at junctions 
where there arc eight ducts, that is, where two four-duel lines 
cross; G feet by 0 feet where there are twelve to eighteen ducts; 
7 feet by 7 feet where there arc tw'cnty or more ducts; and still 
larger manholes when the case so requires. The size and shape 
of manholes in congested districts are often governed by local 
obstructions such as gas or w^atcr mains. 

The depth of manholes must be sufficient to give head room 
and yet should not be so great as to carry the floor of the man- 
hole below the sewer level. Small distribution manlioles which 
are used only for service connections may be 5 feet deep, while 
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junction manholes should bo C or 7 feet from roof to floor. In 
some cases a shallow form of manhole known as a handhole is 



used for distribution lultTals. Haud)iolc.s ari‘ placed above the 
conduit line, so tliat only tlic top row of ducts enters a handhole. 
The distributitig mains are thus aeeessible for servietj taps, but 



the through lines in the lower duels are not exposed. Handholes 
should have covers large enough to afford access to the distrib- 
uting main. 
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Service Connections. The arrangement of ser\'ice laterals or 
subsidiary connections from tho main duct line to consumer’s 
premises is important as such connections represent a large part 
of the undergromid investment in congested districts. 

Where service laterals can be spaced 100 feet or more apart, 
a single duct line is sufficient to care for the service on both 
sides of the street. Lateral connections are run to each side 
from the service maniioles. 

The arrangement shown in Fig. 41 is based on a street 6() 
feet wide, with .‘54 feet between curb lines. This is the most 
feasible arrangement in streets where there arc c-ar tracks under 
which laterals must be carricnl. Th(i coiLstniction shown in 



Fig. 44 is an advantagt'oiis jdaii wliere tliere is a parkway in 
which the laterals can be laiil, no paving being disturbed in 
making new service connections. 

Location of Duct Lines. In the loc^ation of a diut line the 
presence of other piping or duct sN’steins, sewer manholes, and 
the like must be taken into a«‘ount. It is desirable to select the 
side of the stnvt which is least obstructed in this manner. 
Sewers and duct systems may be located by the manhole covers 
which appear on the .surfac*e. In crowded streets and where 
records are in)t available time is saved by excavating a test 
trench across the .street at .several points for the purpose of 
locating the piping and other systems which cannot be identified 
from the surface. 
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Forms of Duct. Conduit is made in single- or multiple-duct 
pieces, the former usually about 18 inches in length and the 
latter 36 inches. The dimensions of ducts in general use are 
shown in Fig. 45. Multiple duct is somewhat cheaper than an 
equal number of single ducts, and it requires less labor to lay it. 
In a large system it is considered preferable to use single duct as 
this better protects the cables in adjacent ducts from injury in 
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case of burnouts. The single duct also has the further advantage 
that tile joints may be staggered. 

Installation of Conduit Lines. In laying a line of ducts the 
grades must be carefully established so that the duct line will 
tend to drain toward the manholes. If pockets are formed, the 
standing water is likely to freeze and injure the insulation of 
the cables and break the tile. It is important that manholes in 
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which work must be done frequently or in which transformers or 
junction boxes are installed be connected to the sewer. The accu- 
mulation of water in such a manhole may seriously delay emer- 
gency repair work. 

The conduit line must be protected, when laid in publie 
thoroughfares, from external injury. It should also be made 
secure against the possibility of getting out of alignment. It is 
therefore usual to surround ctinduit lines with t'onerete on all 
sizes to a thickness of 3 inches. This makes an envelope thick 
enough to support short sections around which later excavations 
may be made and also protects the tile from the laborer’s pick. 
With lines built in parks or in roadsides it is sometimes sufficient 
to lay the ducts on 2-inch creosoted plank with a similar ])lank 
over the top of the ducts. Such constru(‘tion is less expensive in 
first cost and, if nut disturbed, is quite durable. 

Where excavations can l)e made without interference with 
other piping or duct systems, manholes may be economically 
iX)nstru<*ted of concrete according to a standaril design for w'hich 
forms may be usetl. Otherwise forms are not practical, and w'alls 
must be built up of brick. In most cases the floc»r may be made 
of conertite as no forms are nmlinl. The brick should be of the 
quality kiiow'n as sewer brick and should be laid up with a good 
cement mortar, an 8-ineh wall lK*iiig ample for the requirements 
in most cases. The roof must have sufficient strength to support 
the heaviest street traffic, and its design therefore varies with the 
size and shai)e of the manhole. 

Cost of Conduit Construction. The cost of installin;' a con- 
duit system may be analyzed into three principal items: the cost 
of the ducts; the cost of the msinholcs; and the cost of n^paving. 
The cost of the ducts and the manholes is readily determined 
for the different sizes of duc;t lines and manholes, w'hile the 
cost of repaving depends on the character of the paving to be 
replaced. 

With labor at 30 to 35 cents per hour and duct at (i cents 
per foot the cost per duct foot and per trench foot for duct 
lines of various sizes is shown in Table IX, macadam paving 
being estimated at 80 cents per square yard and brick or asphalt 
at $4.50 per square yani. 
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TABLE IX 

Cost of UnderKround Conduit 


Nunilwr ! Duct Foot ! Cost per Trencii Foot 


Durtfii 

1 

t 1 

j No Paving 

1 Maradiim 
! 

' Burk or 

1 Aaphnlt 

j No Piiving 

1 Marn<liim 

IJrn’k op 
Asphalt 

2 ! 

i $0.36 

$0 41 

; $0.78 i 

$0 72 

; $o.ss 

$1..56 

4 

0.33 

0.37 

0.57 1 

1.32 

1.48 

2.28 

6 

0.30 

0 . 3:1 

0.48 

1.80 

1.98 i 

2.88 

9 

0.29 

0.32 

0 44 

2.61 

2.88 i 

3.96 

12 

0.28 

o.:io 

0.-40 

.3 30 

3.60 1 

4.80 

16 

0.27 

0.29 

0.36 

4.32 

4.64 

5.76 

24 

! 

1 0.26 

! 1 

0.32 

0..32 

i 

6.24 

i 

6.48 

7.68 


The cost of iiisiiiliolcs witlioiit jmvinp; with brick work at 
!?10.(K) per cubic yard, labor of excavation at 35 cents pcT hour, 
and concrete ut $10.50 per cubic yard is sliown in Tabic X. 
'riiere is some rcpaviiij' expense in coniu'ction with manholes in 
addition to tljat required for the ducts, as the opening is consid- 
erably wid(T. This item is added at the foot of the tabic for 
convenience. 

The plan of a du<*t line having been fletermined, the cost 
may be estimated from I'ablcs IX and X for the conditions pre- 
vailing in any case. 

Example. Wlisit will be tlu' coat of installing a four-duct line in a 
paved with brick for a distance of 1200 fec‘t, ineliidirif; three 4X5X6 and one 
6X0X6 innnhol<\s ainl four 3X3X4 handlioh'S? The brick paving costs S4.50 
per s(]uarG yanl. Kniin Tables IX and X the cost of the installation wiU be 
found to be us iollows: 


IISK) trench feet four-duct line at S 2.28— $2736.00 


3 manholes 4X5X6 
1 manhole 6 X6X6 

4 handholes 3X3X4 

Total 


at $216.15=:= 648.45 
at $282.0.5 '^ 282.05 
at $104.80== 410.20 


$4085.70 


In addition there would usually be service laterals from the handholes to build- 
ings. If there were ten two-duct laterals 20 feet long, the cost of laterals at 
$1.56 per trench foot would be 10X20X$1.56, or $312.00 additional. 

Types of Cable. Cables used for the underground distribu- 
tion of electricity consist of a conductor or group of conductors 
suitably insulated and enclosed in a lead sheatli for protection 
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TABLE X 
Cost of Manholes 



3X3 

4 Feet 
Deep 

4X5 
fl Feet 
Deep 

6X6 

6 Feet 
Deep 

8X8 

6 Feet 
Deep 

Excavation and Removal 

$ 6.30 

$ 15.75 

$ 33.25 

$ 51.90 

Brickwork at $10.00 per Yard 

31.70 

66.40 

85.50 

110.80 

Concrete at $10.50 per Yard 

10.50 

15.25 

25.60 

42.35 

Roof Iron at $0.06 per Pound 

6.30 

7.75 

10.70 

13.60 

Sewer Connection and Trap 


35.00 

35.00 

35.00 

Frame and Cover 

28.00 

28.00 

28.00 

28.00 

Supervision and Incidentals 

4.00 

7.50 

10.00 

14.00 

Totals 

$ 86.80 

___ 

$175.65 


$295.65 

Paving Required, square yards 


~9 

12 

16 

Cost of Paving at $0.80 

$ 3.20 

$ 7.20 

$ 9.60 

$ 12.80 

Total with Paving at $0.80 . 

90.00 

182.85 

237.65 

308.45 

Cost of Paving at $4.50 

18.00 

40.50 

54.00 

72.00 

Total witli Paving at $4.50 

J04.80 

216.15 

2S2.a5 

367.65 


from moisture. If the cable is laid without the protection of a 
conduit system, it is further protected from mechanical injury by 
an armor of steel tape or wire. 

Cables having but one conductor are known as single- 
conductor cables, those having two conductors are known as 
duplex or twin, and those having three, as triplex, or three- 
conductor, etc. Duplex cables are those in which the conductors 
are spirally arranged in the lead sheath to make cable of circular 
cross-section. Twin cable is that in which the two conductors 
are arranged in one plane, making an oval cross-section. Two- 
conductor and three-conductor cables are also made witli a con- 
centric arrangement. 

Where it is necessary to get the maximum cross-section of 
copper within a given diameter of lead sheath, the copper con- 
ductors are stranded so as to make a cross-section shaped like a 
sector of a circle. 

• ‘ Cables having as many as twelve conductors have been used 
to some extent as main runs of series lighting circuits. The use 
of multiple-conductor cables is generally advantageous because of 
the saving in the cost of the lead sheath. However, there are 
certain disadvantages incidental to taps and joints which tend to 
offset some of the advantages. Single-conductor cable is used 
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where taps are required, as in distributing mains, while multiple- 
ronductor cables are used for through lines where taps are not 
made. 

Concentric cables are used in preference to duplex where the 
conductors are over No. 0 A.W.G., as the cable is not so difficult 
to bend. The greater facility of jointing with duplex makes its 
use preferable in the sizes below No. 0. 

Cables caiT>ing loads of 2(X) amperes and upward are subject 
to inductive action when single-conductor. There may be an appre- 
ciable difference of potential betw’een the lead sheaths of the 
cables and, where they are in contact with each other, a flow of 
current sufficient to cause injury. This can be prcventt*d by the 
use of jute over the lead, 
though this is objectionable 
in case repairs arc necessary 
owing to the ten<lency of 
sucli cables to stick in the 
duct. The preferable method 
with cables uii to 400,000 
CM is to use a multiple- 
conductor cable. 

Transmission lines for 
voltages up to 2.'),(XK) may be 

. , . , , Fig 4H Surtion of Poiyphose Cable 

carried m three-conductor 

cable witli a thickness of insulation on each conductor sufficient 
for the voltage bctw'cen phase's. Anotlier layer of insulation is 
placed over all three conductors. Fig. 40. 

Insulation. Cables are insulated according to the voltage 
for which they are intended and the conditions of installation and 
service. Three kinds of insulating material are in general use, 
rubber, oiled paper, and varnished cambric. 

Rubber. Rubber is used bccau.se of its ability to withstand 
moisture, and its elasticity, which is of value in training cables 
around corners of manholes. With voltages alxive 2500, however, 
rubber is affected by the presence of static discharges and has a 
tendency to lose its insulating qualities. 

Oiled Paper. The disadvantages of rubber, together with the 
high cost of good rubber, led to the practice of insulating cable 
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TABLE XI 

Weight and Diameter of Single Conductor Cables — 600 Volts 

(PAPER- AND LEAD-COVERED) 


SiM 

A.WG. 

ThirkiiriM 

OiJTHiuE Diameter 
( in.) 

Wbiuht per F«HT 
(lb) 

of J’liper 
(ill) 

Cupprr 

Piippr 

Loud 
(A in.) 

C'npiMT 

Tfitui — 
Copprr. 
I’appr, I^d 

mm 

n 

O.IKO 

0.430 

0.080 

0 085 

0.922 




0.484 

0.734 

0.140 

1.009 




0.545 

0.705 

0.221 

1.256 

0 

A 

0.378 

0.028 

0.878 

0.:i38 

1.020 

(X) 

A 

0.425 

0 075 

0 025 

0.420 

2.111 

(MM) 


0.475 

0.725 

0.075 

0.5.32 

2.320 

OOUO 

CM 


0.524 

0.771 

1.021 

mm 

2.551 

2(X)(XK) 

A 

0.505 

0.75.> 

1.005 

0.011 

2.473 

26(NMM) 


0.508 

0.818 

l.OOS 

0.71X) 

2.780 

»(NNMM) 


O.fW? 

0.040 

1.100 

0 040 

3.24.3 

rXNMM) 


0.080 


1.242 

1.002 

3.484 

40(MXM) 


0.735 

1.047 

1.207 , 

1.224 

; 3.7:18 

4o(NMM) 

B 

32 

0.777 

l.asfl 

; 1 330 ' 

1.343 

1 3.010 

|jO(MX)0 

A 

0.S20 

1.132 

1.3S2 ■ 

I..').’)0 

1.251 

6(NXMX) 


O.IMM) 

1.212 

1.102 ; 

1 874 

4.752 

7.'>(X)00 

5 

d 2 

1.020 

1 .332 

! 1.582 

2.331 

5 473 

SOCXNM) 

A 

i.o:i7 

1.310 

i i..>oo ; 

2 102 

i 5.042 

IMXNKM) 

3?J 

1 OlHi 

1 tos 

1.058 1 

2.815 

0.126 

](KXXXM) 

A 

1.157 

1.100 

I 1.710 1 

2 138 

6.58:1 

r-VXMMK) 

A 

1 200 

l.OOS 

1 1 858 

3.8:11 

7.584 

irXXNKN) 

A 

1.112 

1.787 

1 2 0.37 

4.081 

8.909 

2(MXXKX) 

A 

1.0.52 

2 027 

; 2.277 

0.237 

11.077 

L’rXMNXX) 


1.S48 

2.2.85 

1 2 ."KJa 

7.074 

13.221 


TABLE XII 

Weight and Diameter of Thrcc-Condiictor Cables 


(PAPER- AND r.EAlV(’(»VKKi:r)) 



:«XK) VoLrit 

.1(NNI ^ ULTS 

7IMN) Voi.M 

i:).'i(X) VoLTR 

Sue 

A W Cl 

WdRht 


WVikIiI 

I'hiuiH'Icr 

WiUKht 

Diiimi'tpi 

WfiKht 

Diameter 


per lUUO 

o> rr 

p«'r UXXl 

IIVIT 

Tier IIXN) 

over 

ffTTgairr)] 

over 


Feet 

lA'ad 

Fwt 

Until 

FfCt 

I/Piid 

Fiift 

T.ead 


(lb.) 

(ill) 

01.) 

(in ) 

Ob) 

(in) 

(lb.) 

(in.) 

6 

1874 


2100 

1 

l.llt 

3199 


5742 

2.100 

4 

2270 


2597 

1.218 

:)046 

1.608 

6299 

2.206 

2 

2837 

1.213 

318S 

1.315 

4274 

1.7 10 

70.52 

2.335 

1 

3405 

1.314 

358.3 

1.441 

4705 

1.837 

7561 

2.4:13 

0 

3864 

1.459 

4015 

1.525 


1.984 

8144 

2.515 

00 

4420 

1.553 

4010 

1.622 

G755 

2.080 

8841 

2.608 

000 


1.663 

6106 

1.795 

7513 

2.190 


2.720 

0000 


1.S52 

0978 

1.919 

8446 

2.315 


2.845 
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with strips of oiled intinila paper wrapjH'd spirally about the 
cable. Enough layers are used to insulate at the given voltage 
and to give proper mechanical strength when the cable is bent. 
This type of insulation is standard for high-voltage cables as it 
has a high dielectric strength and is less cx()ensive than rubber. 
It is also used for low-voltage cables in many cases. Paper insu- 
lation is capable of withstanding higlior temiXTatiires than rubber, 
which gives it an advantage for low-tension feeders. In Tables 
XI and XTT, ri‘SiK*ctiveIy, are given the wciglits and diameters 
of single-conductor and tIm'(*-condiu*tor paper- and Icad-covered 
cables of various sizes. 

l^arnutlied ('amhric. Varnislufl cainhric forms a somewhat 
more elastic insulation than paper and is less susceptible to 
moisture while exposed. It is more «*\pensive than oiled paper 
but less cxfaMi.'iive than rnbbt*r and has replace*! paiMT in some 
classes of work where tliiTc is likely to be e\posui*e to moisture. 

Thickneas of Imtuluiion. The thickness of insulation is 
detennined by considfTations t»f both nier haimtil and dielectric 
strength. The bending of cables in manholes jdaces a strain on 
the insulation which it must be able to withstand without its 
dielectric strength being affeetwl. The radius *)f bending should 
not be less than six to eight times the diameter of the cable. 
Witli cables for (iOO v«)lts and umler the minimum thickness 
which is safe for bending is adequate for dielei’tric strcngtli. For 
220()-volt distribution single-c.Miductor cables usually have aVinch 
insulation. Cables for (UiOO volts have about iiVineh insulation, 
and those for lo,0(K) vi»lts about sJJ-ineli. 

Assigning Cables to Ducts. A uniform method of selecting 
ducts for the various cables shriiild be folio wi*d as far as possible. 
Cables used in local distribution should be given such a place, 
preferably in the top row, that handholes can be built for service 
laterals w'ithout sinking them below the top r*)w of ducts. The 
lower ducts are thus left for through lines >vhich may be trained 
through the inanlioles below junction boxes. 

Installation of Cable. Dramng~ln. Cables are drawn into 
ducts b^'' means of a line attached to a source of power. This 
line is put through the duct by tlic use of detachable rods of 
wood about 3 feet long and 1 inch in diameter, which are pushed 
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into the duct as they are joined together. They are then drawn 
through with the pulling line attached and are disjointed at the 
other end. The cables are secured to the pulling line by baring 
the c(^per and making a secure mechanical connection or by 
means of patent cable grips, which are more quickly attached 
and removed. 

When the cable pulling line is ready, it is run over pulley 
wheels out of the manhole and to the source of power. The reel 
of cable is set up so that it will revolve and pay out cable as it 
is drawn in. Men are placed at tlie n‘el and in the manhole to 
guide the cable into the duct and prevent its sheath being injured. 



Power for pulling is supplied in various ways. With short 
runs a few men can draw the cable in. With runs of •■{(H) to 500 
feet the power is usually a capstan manned by six or eight 
laborers, Fig. 47. W'herc several cables are to be drawn into one 
duet they are installed simultaneously by securing them to one 
line. 

Small cable is put up on reels and cut to fit aS it is drawn 
in, but a length of about 400 feet of three-conductor high-voltage 
cable fills a n*el. It is theivfore usual to order such cable in 
specified lengths. The distance from center to center of the man- 
holes plus the amount needed for training around the walls of the 
manholes and splicing is the length to be ordered. 

Training Cables. The training of cable through manholes 
must be done carefully to avoid sharp bends, tangled relations 
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with other cables, and the possibility of injury by the workman 
while getting in or out of the manhole. It is customary to sup- 
port cables on iron racks hung on the brickwork of the walls. 

It is usual to protect cables in manholes to prevent the 
communication of trouble to other cables. This is done by 
wrapping them with asbestos tape or with manila rope plastered 
with cement. 

Cable Jointing. The work of jointing requires tlie services of 
an expert, esp<KMally with high-tension pajHT cables. In jointing 
cables tlie lead sheath is removed 5 to 10 inches back from the 
end and enough of the copper bared to jiennit a good soldered 
connection to be made. Tlie bare parts are wrapjied with tape 
of the same material as tlie insulation until the equivalent of 
the cable insulation has Ix'on applied. A lead sleeve which has 
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previously been slipinxl back over one of the cables is now wiped 
on SO as to enclose the joint. The air spaces around the joint 
are then filled by jxiuring hot insulating compound into a small 
hole in one end of the sleeve. A similar hole is left open in the 
other end of the .sleeve to allow air to escape easily while pour- 
ing in the compound. The openings in the lead sleeve are then 
closed by soldering, thus scaling the joint from moisture. The 
various operations for jointing a three-conductor cable are illus- 
trated in Fig. 48. If any sign of moisture apjiears in either 
end of the cable, the cable should be cut back, or it may be 
necessary to drive the moisture off by heating tlie cable with a 
blow torch several feet back from the end. 

Where a tap is to be taken off, the sleeve may be arranged 
at right angles in the form of a T or at a tangent, as a Y joint. 
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The T joint is usually difficult to dispose of on the manhole wall 
without straining the sleeve, while the cable from the Y joint 
may be trained along with the cable to which it is tapped. 

Cable Terminals. In systems in which part of the lines are 
underground it is usual to run feeders underground for some 
distance from the station and connect with overhead lines in the 
more scattered areas. Where alley distribution is general the 



Fig. 40 Single Conductor Pothcad Inatallation 


main lines are placed uiidergromid on streets and tlie local dis- 
tributing taps taken off to overhead lines in alleys. In other 
locations lines must be carried underground across a boulevard, 
railroad, or stixsam. 

Pole terminals where underground cables are connected with 
overhead lines must be protected by potheads, and the t^-pe of 
cable terminal embodying porcelain sleeves has been quite suc- 
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cessfully used for the purpose. The porcelain sleeve is placed 
about the end of the cable and Ihe conductor is equipped with 
a slip joint, by which it can readily be connected to or discon- 
nected from the overhead conductor. The tube is covered at 
the top by a porcelain cap which serves the double purpose of 
protecting the tube from the weather and holding one of the 
connecting metals. The tube is filled with a suitable insulating 
compound to protect the cable 
insulation from moisture, and the 
top of the cap is well taped and 
painted so that no rain can enter 
around the overhead wire. A 
single-conductor pothead installa- 
tion appears in Fig. 49. The 
device is also adapted for use with 
multiple-conductor cables cither 
inside or out of doors, an out- 
side type of three-conductor ter- 
minal being shown in Fig. 50. 

Emergency Disconnectives. 

Primary distributing feeih'rs and 
mains which are underground 
must be provided w’ith suitable 
disconnectives for testing purposes 
and for tlic isolation of sections 
of the mains when taps arc lx*ing 
connected or repairs made. This 
work cannot be done while the 
cable is alive, and the discoi]ni*c- 
tives must therefore be so placed 
that sections may be taken out of service with as little interrup- 
tion of service as possible. 

The mains radiating from a feeder center of distribution 
should be so equipped that the feeder may be isolated from the 
mains. A scheme of connections such as that shown in Fig. 16 
is necessary' where complete isolation is required. 

In the case of important consumers where two sources of 
supply must be maintained it is desirable to do the transferring 
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on the primary side to save duplicating transformer investment. 
In such cases an arrangement such as that indicated in Fig. 51 is 
desirable. 

In emergency switching there is little occasion to open the 
circuit under load. If the service has been interrupted, the load 
is off entirely. If the switching is done in connection with con- 
struction work, it must usually be arranged for an hour when the 
load is light. For these reasons it is not essential that oil break 



Fig. .'ll . Emergency 8witehiii« for Large Consumer 


switches be used, although they are preferred in some cases where 
switching under load may be necessary at times. Types of dis- 
connectives which utilize an air break are therefore quite com- 
monly used, and detachable potheads such as those above described 
serve the double purpose admirably. 

In Fig. 52 is illustrated a switching box in which multiple- 
conductor cables are terminated under compound in the box, with 
the individual conductors brought to the lower end of porcelain 
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tubes in which contacts are carried. The terminals of each 
circuit are brought to the outer row of tubes, and the transformer 
is connected to the middle row. When the source of energy is 
to be transferred, the cap is lifted and placed in the opposite 
position. 

For a treatment of underground transmission cables between 
the central station and tlic various substations in large cities see 
the article on “Electrical I'ransraission Lines.” 



Fig. r»2. EmorRctK^ Swili-hiinr Hox 


LAYING OUT SYSTEM FOR TOWN 

Preliminary Assumptions. The procedure in laying out a 
distribution system for a town of about 2(XiO i)eople will be 
described for the purpose of illustrating the principles outlined in 
the foregoing text. It is assumed that the town is supplied by a 
transformer substation from a 3.*i,(MK)-volt transmission line passing 
tlinmgh it along the railroad right of way. The substation con- 
tains three 50-kilowatt transformers, a potential regulator, a series 
street lighting transformer and regulator, and the necessary 
switching equipment, lightning arresters, etc. 

Determining Size of Substation. Survey cf Prospective Cofir 
sumers. In determining what should be the size of the substation, 
a survey is made of the town wuth the aid of a map on which are 
marked the number of probable users of each kind in each block. 
The appearance of this map on the completion of the survey is 
as illustrated in Fig. 53. The load chargeable to each class of 
consumers is then determined by summarizing the data as follows: 


171 


80 


ELECTRICAL DISTRIBUTION 


Residences, 337, with an aver^ connected installation of 800 watts 
each, or 270 kilowatts. 

Commercial consumers, 30, with an average connected installation of 
1000 waita each, or 30 kilowatts, and including stores, shops, offices, halls, 
and churches. 



Fig. 53. Survay of ProapeotiTe Uien of Elo**triolty 


Power users, 4, with an aggregate installation of 28 hp. 

Street lighting, 80 series timgsten lamps, of which 16 are 300-watt units 
(those on Main Street in the business section and at the railroad crossings) 
and 44 are 150-watt lamps (those in the residence sections). 

Load on Substation. The demand made by the 337 residences 
will be about 20 per cent of the connected load, that is, 0.2X270, 
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or 54 kilowatts; that made by the commercial consumers, which' 
are principally stores, may be as much as 66 per cent of the con- 
nected load of 30 kilowatts, or 20 kilowatts; and that made by 
the power uses may be 70 per cent of the 28 hp., or 20 hp., 
which is 15 kilowatts. The street lighting load amounts to 16 
lamps at 300 watts (4.8 kilowatts) plus 44 lamps at 150 watts 
(6.6 kilowatts), or a total of 11.4 kilowatts. These various 
demands will not, however, be made to their full amount simul- 
taneously. The store lighting will, perhaps, only be on to the 
fuU extent on Saturday night, while the residence lighting is 
likely to be somewhat heavier on another night of the week. 
The power is used chiefly in daytime and overlaps only part of 
the lighting even in the winter time. The street lighting, of 
course, is on every day after dusk and must be allowed for to 
its full extent. 

The load on the substation on the heaviest day of the year 
might be made up about as follows: 


llpsidence Lighting 
Cotiimerciiil Lighting 
Pow(!r 

Street Lighting 
Total 


0.85X54 =46.0 kilowatts 
0.00X20 =18.0 kilowatts 
0.20X15 = 3.0 kilowatts 
1 .00 X 1 1 .4 = 11.4 k ilowatts 
78.4 kilowatts 


To the total thus obtained must be atlded the loss in distributing 
circuits at the time of the maximum loud, including transfonners 
and secondary mains, which would average about 8 per cent for a 
situation of this kind. This would make the load on the substa- 
tion 78.4X1.08, or 85.0 kilow’atts, after the prospective users have 
all been connected. The load w'ould perhaps not reach this figure 
in the first year, but it would Iw wise to arrange for three-phase 
scrvicip, with the lighting on one phase. This provides for further 
power load and necessitates but one potential regulator for the 
lighting load. 

Substation Equipment. Since the lighting load exclusive of 
street lighting is 64 kilowatts, it would be advisable to provide 
a 75-kilow'att transformer for the lighting phase and a 25-kilow'att 
transformer for another phase. The street lighting regulator and 
half of the three-phase power would be carried by this smaller 
transformer, using the open delta connection. The substation 
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Wnsfonners would have a secondary pressure of 2200 volts as 
this voltage is to be used in the general distribution about town. 
In case the power load were increased to over 25 kilowatts, an 
additional 25-kilowatt transformer would be added (or a larger 
one if necessary), making the installation straight three-phase. 
If the lighting load inen^ases to a point beyond the capacity of 
the 75-kilowatt transformer, it can be divided between two phases 
and an additional regulator provided, or the 75-kilo\vatt trans- 
former can be n^placed by a 100- or 125-kilowatt unit. The 



Fig (’oiiiinctiiHiH fif SiilK<liiti(iii fur Small Town 


division between t\Ao phases wouhl be preferable as it , would 
balance the load better and would separate the general lighting 
service so that it would not all be interrupted by trouble on the 
lighting phase. The connections for the substation as initially 
installed are shown in Fig. 54. 

The substation would be most economically installed out of 
doors on a platform with a set of disconnecting switches on the 
33,000-volt side to be opened w'heii any work is to be done on the 
high-tension equipment of the substation. The platform should 
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provifie spare for a set of clectrolytk* lightning arresters and for 
the regulator equipment on the 22()0-voit side and should be so 
arranged as to make easily accessil)le the automatic adjustments 
of the regulators, the meter, and the disconnective switches. 

Primary Distribution Lines. The primary, or 220(>-volt, dis- 
tribution lines for the gimeral lighting service will be extended to 



cover each block in which there are three or more users. An 
outline diagram of the jjrinmry lines would be about as shown in 
Fig. 55, the three-phase jiarts of the circuit being extended only 
where there are power us(*rs of 5 hp. and more. 

The principal part of the load is carrifKl by the branch going 
north from the substation, w^hich carries about 60 kilowatts. At 


176 



84 


ELECTRICAL DISTRIBUTION 


2200 volts this Is about 27 amperes, and No. 6 wire is large 
enough for the main line north and south on Oak Street. For 



qma 

^TRANSraiMCRS 

WIRE SEGONIVWr MAIN 

('ig. so. Typical Hvcomlary Diatribution 

tile branches from the main line No. 8 wire is ample if medium 
hard-drawn wire is used to insure proper mechanical strength. 

Transformers. Size Required. The transfonner sizes must be 
ample but not excessive. In blocks where other liouses may be 
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built within a few years it is cheaper in the end to provide a 
little surplus capacity to save the cost of replacing too fre- 
quently. 

In the tj-pical block layouts shown in Fig. 56 the size of the 
transformers may be determined from the combined demand of 
residence and commercial users. In the block north of Main 
Street between Maple and Pine Streets, the ten residence users 
have a demand of 0.2 X800, or 100 watts each, and a total of 
1G(X) watts; w’hile the four commercial users have a demand of 
0.66x1000, or 660 watts each, and a total of 2640 watts. The 
sum of these demands is 4.24 kilowatts, and a 5-kilowatt trans- 
former would be advisable to provide for gn)wth. 

In the bl(K‘k south of Main Street between Oak and Alder 
the eight residence users have a load of 8X160, ior 1280 watts, 
and the six commcr(‘ial users have a demaiui r>f 660 X6, or 3060 
watts, making a total of .5.24 kilowatts, for which a 5-kilowatt 
transformer may Ik* user!. The 15-hp. tiiree-pliasc motor service 
is supplied by two 7..5-kilowatt transformers seiKirate from the 
lighting. 

Effect (Iff Vue of Ehviric Apptmmru. In case some residence 
owners become users of electric irons, percolators, or other 
such appliances, there is likely to be some increase in the evening 
load on the transformer, even though they are used mostly during 
the daylight hours. The use of this sort of equipment must 
therefore not l)e overlooked in this determination of sizes. In the 
blocks where there are only residence consumers a 1-kilowatt 
transformer wdll take cart; of the lighting load of five or six 
8()0-watt consumers, but if more than two of them should be 
using a 500-watt iron at the same hour, the transformer would 
be overloaded. The cost of a 1.5-kilowatt transformer is but 
10 per cent more, and it is better to use a 1.5- or 2-kilowatt 
transformer for more than three or four residence consumers if ' 
they are provided with electric hoasehold appliances. 

Secondaiy Lines. For the block in which the load requires 
a 5-kilowatt transformer the current on the three-wire secondary 
is 23 amperes at the transformer, or about 10 amperes each way 
(part of the load being taken oif at the transformer pole). The 
drop on a No. 6 three-wire line at 10 amperes for a distance of 220 
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^ X /X X- 10X220X10.8 u • -fxu 1 j 

feet (two spans) is ^>(3900 * ™ 

is perfectly balanced. If it is out of balance 5 amperes, there will 
be a further drop of 0.44 volt, making 1.32 volts drop on one side 
of the main. With a two-wire service of No. 10 wire to the build- 
ing there is sufficient additional drop to make the total 2 per cent 
or more*. If it were attempted to extend the secondary into the 
next block, it would more than double the distance and the cur- 
rent, and the drop with No. G wire would be about 4 times 0.8S, 
or 3.5 volts. If the drop is to lie kept within 2 per cent, which is 
the desirable limit for good lighting service, the size of wire will 
have to be made about No. 2, which is 2.5 times No. G. The added 
cost of the larger wire is not offset by any considerable saving in 
transformer capacity, and it is therefore best to provide a trans- 
former about every GOO feet if thei'' arc more than four residence 
consumers to be served within that distance. In this case the 
blocks on the edge of town where there arc but two or three con- 
sumers may be connect«*d by stHX)ndary extension to the trans- 
former in the adjacent block. It will be noted in Fig. 55 that 
primary mains do not cuter such blocks. 

Street-Lighting Circuit. The use of a separate circuit for 
the street lighting is desirable to facilitate daily switching. A 
series circuit of No. 8 medium hard-drawn wire is the most 
economical which can be provided. Proper lighting on Main 
Street and at the grade crossings of the main-line railroad passing 
through the town requires 3(K)-w’att lamps. The lighting on Main 
Street might be placed on ornamental i)osTs wdth underground 
eonncctions in the better part of the business district if the public 
were willing to share the expense. In the residence sections 150- 
watt lamps are usually found adequate and arc placed at each 
street intersection. 

The probable routing of the circuit would be as indicated in 
Pig. 57, the wires being carried together except at the edge of the 
system and utilizing pole facilities provided for other circuits as 
far as possible. . 

Line Construction. Location of Poles. In selecting routes for 
the lines, the alley system, which is general throughout the town, 
should be used as far as practicable in order to avoid the presence 
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of poles on the streets in residence sections. A through line on 
Oak Street forms a main line from which the branches are readily 
taken into the alleys. For the street lighting loops, poles are 
required across the end of the block in some cases. Poles are 
kept off IVIain Street, which is the main business street, by serv- 



ing the buildings from the rear and by looping the street lamps 
from the alley north of Main Street. 

The poles are placed as near the lot lines as possible as 
shown in the typical blocks in Fig. 56. This avoids interference 
with the use of rear gates, garages, etc., and permits the use of 
one pole for four service drops with a minimum amount of 
crossing over other property than that served. 
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Height of Poles. The height of the poles will vary in different 
parts of town, but they will be chiefly 30- or 35-foot poles with 
7-inch tops. If the alley routes are also used by a telephone 
company, joint construction will greatly simplify matters. If 
joint poles are erected, they must be 35-foot poles in order to 
give room for the equipment of both companies and to keep the 
telephone equipment, which should Ixj below, at a proper height 
above the ground. If joint poles are not used, the electric 
servic'e poles must be at least 5 feet higher than the telephone 
poles in order to allow’ the service drops to buildings to clear 
the telephone wires. 

If there are no telephone lines in the alleys, the electric lines 
can be carried on 30-foot poles in most cases. When lines cniss 
a street, 35-foot poles are often necessary to give the required 
clearance over the roadw'ay and other pole lines. 

Pole Equipment The poles should be equipped w'ith two 
four-pin crossaniis in the residence districts, the upi)er one to 
carry the 22()0-volt main and the street lighting circuit and the 
low’er one, the secondary tlirct'-wire main. In the alleys north 
and south of Main Strwt where some of the buildings are built 
back to the alley line it may be desirable to use alley arms in 
some of the blocks. 

Where there are three or four servicers taken from one pole, 
they should lx; earried fn)in a buck arm below the secondary arm. 
All arms should be bolted to the pole and secured by 2t)-inch 
braces of strap in)n. Bolts and braces should be hot g.ilvanized 
for J)rcser^'ation from rust. 

The insulators should be the usual glass doublc-])etticoiit t\’pe. 

Lightning Arresters. Lightning arre.sters should be provided 
at tlie substation on the 22(KV-volt line and in the vicinity of the 
larger transformers along the line. This would require about 
eighteen arresters as indicated on the diagram of primary lines 
in Fig. 55. 

Grounding Transformers. The neutral wire of the secondary 
mains of each transformer should be well grounded. This is 
best done by running a ground wire from the neutral service wire 
to a w’ater pipe in at least two buildings in each block. If this 
is not feasible, a gnjund may be established by driving 8 feet of 


180 



ELECTRICAL DISTRIBUTION 8« 

)-inch galvanized iron pipe into the ground at the base of the 
pole. The wire connecting to the ground should be covered by 
wood molding as a protection to linemen working on the pole 
and to the public. 

RURAL DISTRIBUTION 

METHODS OF QIVINQ RURAL SERVICE 

Rural Conditions. The distribution of electricity in fanning 
coniinunitics and in villages having less than ](K)0 inhabitants 
differs from that in cities and towns chiefly in the fact that the 
consumers are not grouped closely, hut are sei)arated from each 
other by coiisideruhle distaiKvs. This results in a rather small 
total load in most cas(‘s, which means small income .in proportion 
to the investment, and this, in turn, demands that the construc- 
tion be as inexpensive as possible. 

In certain scictions of the Unit(‘d States, such as the fruit 
districts of central California, the use of elec'trieity is heavy owing 
to pumping water for irrigation; in other sections, as in the 
mining districts, there are many large ust*rs of power. In such 
ca.ses there is so much income that a high grade of construction 
is justified, and the conditions an* so different that they will nut 
be classed as rural distribution. 

The situations which require cajvful consideration are those 
where the farmers along a main thoroughfare and the people in 
a neighboring village arc* asking that they be given an oppor- 
tunity to purchase clcc*tric service from the (t?ntral station com- 
])any. The distrk.'t is ])erha])s settled with farmers well able to 
pay for the service, and there i.« an assured income from year 
to year if the line is constnictcd to serve them. The problem is 
to construct a line for a sum of money which will not involve 
fixed charges amounting to more than the income which will be 
derived annually from the consumers. 

The problem is usually solved eitlier by comiecting the con- 
sumers from a transmission line already passing through the dis- 
trict or by installing a separate circuit at lower voltage. This 
separate circuit may be carried on the same poles as the trans- 
mission line, or a complete new line may be built. 
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SERVICE FROM EXISTING TRANSMISSION LINE 

Lines Operating at Pressures above 15,000 Volts. If a trans- 
mission line is available, it should of course be used in case it is 
feasible to do so. However, where the voltage of the line is 
above 15,000, it is a matter of disproportionate expense to make 
the connections and properly safeguard the important service 
carried by the main line. The cost of transformers in small 
sizes such as art* iieetled for fann service is high, and at .33,000 
volts, for instant'e, transformers a^t^ not made in the smaller 
sizes. Fiirthennore the lightning arresters and disconnective 
switching arrangements arc increasingly expensive as the voltage 
for wliich they are designed increases. It is therefore usual to 
limit the taps taken fnan lines operating at pressure above 
1.5,000 volts to those requiring 2.5 kilt)vvatts or more, uliieh means 
an industrial enterprise (»r a tovn of 1000 or more inhabitants. 
If it is an industrial enterprise, it usually requires three-phase 
service, while the small town may often be served single-phase. 

Tl.e equipment required for such an installation consists of 
a platform carried by ]joles or stend work, disconnective switches, 
lightning arresters, transf(»rniers, and m<‘tering cquiiunent. 

Tranitjurmcru. The tran.sformei*s being snndl, tiio installation 
can be isolated from the public more wadily by mounting it on 
poles than otherwise. The larger installations, 150 kilowatts or 
more, arc sometimes mounte<l tui steel towers. Fig. oS. If pro])- 
erly galvanized and maintained, this is a moi-c ])ermanent and 
de})endable form of construction than that employing w(H)d jioles, 
but it also re<piires a greater initial investment. Stc*c*l i‘’ ‘‘herefore 
used where it is not lik<*ly that reconstruction w'ill be ncccssarv 
and when* the ineoine to be deriv«*d fully justifies the best con- 
struction. 

DiitcunneHice i^untchcn. Disconnective switches are required 
for the purpose of opening the connection to the transformer on 
the high-tension side. These switches must be insulated for the 
line pressure and are arranged with handles for operation from the 
transformer platform or from the ground. The operating mechan- 
ism is arranged to open all wires of the circuit at the same time 
in the larger installations. Smaller units may be cut off by o)x;n- 
ing single-pole switches with an insulated hook. A disconnective 


182 



ELECTRICAL DISTRIBUTION 



83 


92 


ELECTRICAL DISTRIBUTION 


switchiLg equipment is contained in the installation shown in 
Fig. 58. The transformers must be provided with outdoor-t^’pe 
entrance bushings and otherwise designed for outdoor use. 

Lightning Arresters. The lightning arrester equipment is pref- 
erably of the honi-gap type with suitable current-limiting resist- 
ance, Fig. 58. The electrolytic type of arrester is too expensive 
for installations such as these. 

Metering Eqvipmmt. The metering equipment is preferably 
placed on the low- voltage side, where it is readily accessible for 
inspection and test. 

Pressures below 15,000 Volts. With lines operating at preS’' 
siirt's below 15,0iX) volts smaller installations may be ii.sed at 
reasonable expense, and it is not unusual to take service for farms 
and other individual users from such lines at any point where it 
may be desired. Such installations require only a lightning arres- 
ter, primary fuse, and Iransfonncr, all of which are readily 
mounted on a pole without a platform. 

Extension to Consumer’s Premises. Where the pros])cctivc 
user’s premises an* not iinmeiliately adjacent to the line, the 
extension from the line to the wnsuiner’s premises is usually made 
at the expense of the consumer, us it is for his exclusive use (or 
for the use of .several who share the expense jointly). 

Disadvantages of Method. Service from a through line in 
this manner may not give the users who are connected along the 
line a very steady pressun* for lighting servic*c as the line pressure 
mast be regulated for a point farther away. The pressure may be 
too high at certain hours when the station ]r)ad is greatest. This 
may result in excessive lainj) nmewals if the lumps arc uswl during 
the.se hours, but n*gulating equipment for such installations is not 
feasible. Where conditions justify it, the most satisfactory way to 
serve such consumers is by a separate circuit from the nearest 
point of supply where such a circuit can be regulated and con- 
trolled. 

SERVICE FROM SEPARATE CIRCUIT * 

Character of Circuit. When the conditions are such that a 
separate circuit must be used, the circuit may be carried on the 
transmission poles if there is sufficient height to permit it. In 
any event some of the poles may have to be n*pl.aced by higher 
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ones to provide clearance at crossings. The circuit will spread 
over a wide range as compared with circuits in town, and the 
voltage should be high enough to permit satisfactory service to be 
given. A typical circuit of this class is shown in Fig. 59. 

Circuits with a pressure of 2200 volts can be extended from 
town two or three miles for a few coiisuint'rs, but if the distance 
is greater, a higher voltage is necessary; a pressure of 6G00 or 
13,200 volts is most likely to be used if the distaiux's arc* ns much 
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as five to ten miles. Where there is enough power to require a 
three-phase circuit, the three-phase four-wire s^^tem with 4400 
volts between phase wire and neutral or 7600 volts between phase 
wires is found very useful. This permits the use of standard 4400- 
volt transformers, which are made in nil standard sizes of 2200- 
volt units, and also makes it possible to regulate the pressure on 
each phase separately, thus giving better lighting service than is 
possible with a three-phase three-wire circuit or a single-phase 
circuit. 
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Equipment. In distribution by separate circuits at voltages 
of less than 10,000 the fuses and arresters are not an item of great 
expense relatively, and disconnective switches are needed only for 
sectionalizing portions of the line while working on it. The line 
work may also be of a simple character, differing from that 
required for 2200-volt lines chiefly in the st3'le of insulators 
employed. 

Advantages of Method. The cost of each installation is so 
much on the higher voltage lines that it is cheaper to run a 
separate circuit on the same poles if there are to be any consider- 
able number of consumers. Furthermore, if some of the con- 
sumers have to be reached by branches from the main line, the 
arldition of such taps introduces an element of risk to the service 
on the main line which may be very undesirable. 

CONSTRUCTION DETAILS 

Character of Lines. The necessity for installing the plant 
with the lowest investment practicable and the fact that the lines 
are in rural communities modify the t.>’pe of construction in some 
particulars. The lines consist chiefly of poles and primary wires, 
since there is but very little secondary distribution, a separate 
transformer being requin'd at each farm. 

POLES 

Height of Poles. The pole equipment can be limited to a 
single crossarm, two-pin where single-phase or f«»ur-pin where 
three-phase. This in turn pennits the use of shorter poles, 25- 
foot poles giving a clearance^ of about 18 feet above ground at the 
point of lowest sag in the wires with 150-foot spans. The clear- 
ance at road crossings must usually be about 21 feet, and higher 
poles arc necessary at these points. Spans of 200 to 250 feet are 
sometimes used, but this requires stronger and li'lier poles, 30 
feet being the minimum pole length to give a clearance of 18 feet 
at the lowest point of the span. 

Size of Poles. With poles set at 150 feet the top diameter 
may be 6 inches, but with longer spans 7-inch tops should be used. 
At corners or bends a 7-inch top pole is desirable, unless the 
strain may be fully carried by gux-s. Poles having tops as small 
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as 5 inches are sometimes used for branch lines. However, the 
butts of such poles are so small tliat the life of the pole at the 
ground line is short, and tlie larger diameter is cheaper in the end. 

Where a line is exposed to high winds, as in going over a hill- 
top, it is well to provide extra strength either in the poles or by 
means of side guj's or braces. Poles carrying a transformer instal- 
lation should have 7-inch tops at least, and if the installation is 
over 10 kilowatts, it will be more durable on an 8-iiich pole. 

WIRH 

Methods of Reducing Cost of Wire. Tlie wire being the next 
largest item after the poles in the c-ost of a line, much attention 
has been tlevoted to methods by which this part of the invest- 
ment may be reduced to a minimum. The first stej) is naturally 
the use of hare wire, as insulation is not iiecfletl in the open 
c^>uut^y. The next stej) is to rctlucc* the size to a point as low as 
the joint requirements of voltage drop and rnc'c'lianical .strength 
will permit. With line voltages above 50(M) at the snudl loads 
usually found it is tlie mechanical strength wiii(*h fixes the final 
limit of size. For this reason it is ol‘ti‘ri possible to use iron or 
steel wire as a coiiduetor without sacrificing too much in the way 
of voltage drop. 

With copper conduct(»rs the smallest size which is dependable 
ill soft wire* is Xo. 0, but with hardnlrawn wire the line may 
safely be made as small as Xo. S. With the smaller conductor the 
wind pressure is reduced and longer spans can be used. Because 
of the lower cost of iron or steel wire, its use makes it possible to 
construct lines which it would he unprofitable to build if copper 
were used. Copj)cr-clad steel wire is also used for this purpose, 
the coating of cojqicr serving the double pur]>ose of protecting the 
steel from corrosion and improving the conductivity. 

Sizes of Iron and Steel Wire. The tw'o kinds of iron wire 
commonly sold are known as B.B. and E.B.B. and arc drawn by 
the numbers of the steel wire gage. Xo. 4 is the largest size 
ordinarily used in solid wire. Steel wiit: is also drawn in the 
same sizes. Seven-strand cable is used in the larger sizes, and they 
are rated as -/e, a diameter. All such wires and 

cables should be galvanized unless copper clad. 


187 



ELECTRICAL DISTRIBUTION 


Limitations on Use of Iron or Steel Wire. The use of iron or 
steel wire is, however, subject to limitations which should be well 
understood and kept in mind in determining the kind of conductor 
to be used in particular cases. The current density cannot 
over about 1 ampere per 10,000 circular mils, or one-tenth that 



copper wire. If higher current densities are used, the loss is 
excessive and the voltage variation troublesome. 

The electrical resistance of iron and steel depends largely on 
its composition and heat treatment during manufacture, and it 
varies further with the strength of current flowing in the con- 
ductor. In Fig. 60 the relation between resistance and current 
for solid steel wires and cables is shown. The resistance of No. 4 
steel w'ire, for instance, increases from 8 ohms per mile at 1 
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ampere to 20.5 ohms at 22 amperes and then decreases to 18.5 
ohms at 30 amperes. The variation is not so wide in stranded 
conductors, it being from 9.75 ohms per mile at 1 ampere to 
about 13 ohms per mile at % amperes in the case of a {-inch 
cable. The resistance of iron B.B. and E.B.B. wire varies more 
widely with' the current than does that of steel wire. It is there- 
fore not feasible to have a table of resistances such as that for 
copper wire, which is constant except for temperature variations. 

The variation in resistance in iron and steel is due to their 
magnetic properties, which with alternating current set up internal 
currents; these, in turn, as the current strength varies produce an 
effect equivalent to a change in resistance. 

The inductive reactance of iron and steel wire is more than 
that of nonmagnetic conductors, but the rntio of resistance to 
inductanc'e is so much greater for iron and steel wire than for 
cop{)er wire of equal size that the reactanc'e d(M\s not affect the 
line drop very much. 

The field for the u.se of iron and steel wire and its limitations 
may be best seen from a few examples such as would be ordi- 
narily met in practice: 


Examfiles. 1. With u load cif 22 kilovoIt-iunporoB at 6600 volts, single* 
phase, at a distance averaging 5 iiiikw from thit iM)int of supply, what will be 

the loss with steel wire? The current C on ll)e eireiiit is or .3.33 amperes. 

OtMIU 

Acconluig to Fig. 60 the resistaneo R of No. 6 steel wire nt 3.33 amperes is 13 
ohms per mile of wire. There being 2X.'>, or 10 niihw, of wire in the single- 
phase circuit, the total rraislunec is 10X13, or 130 ohms, llic loss E is 


g=r'«=3.33xi:io=4:« volts 
433 

which is '*r 6..5 per cent 


This would permit reasonably satisfactory lighting, assuming a steady source 
of supply. 

The cost of the wire for the No. 6 steel circuit at S5.00 i)er 1000 feet is 
2X5.28X5.00, or $52.80 per mile of circuit. With a No. 8 hard-drawn copper 
circuit the cost at 15 cents iier imund is 50X5.28X2XS0.15, or $79.20 per 
mile of circuit. Thus it would be economical U) use steel wire for such a load 
at 6600 volts at a distance of 5 miles. However, for a larger load a larger steel 
wire would be needed, and the advantage would be lost for a load above 30 
kilowatts under these conditions. With 13,200 volts a load of 80 kilowatts 
could be carried five miles or a load of 45 kilowatts, 10 miles with the same 
loss of 6.5 per cent on No. 6 wire. 
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2. With a three-phase circuit, carrying a loail of 150 kilovolt-amperes 
At a distance of 10 miles and a voltage of 13,200, what will be the loss if steel 


«v'irc is used? 


The current is 


150000X1.73 
3X13200 ' 


or G.57 amperes. 


At 6.57 amperes 


with No. 4 steel wire the resistance R is 10.7 ohms per mile per wire, or 107 
ohms for 10 miles 


E = 6.67 X 107 X 1.73 = 1210 volts 


which is 9.2 per ccjit. 

With No. 8 copper wire the resistance' is 10X3.32, or 33.2 ohms per wire and 


the loss is 

^ = 33.2X6.57X1.73=378 volts 

which is 2.!) per cent. 

The cost of a No. 4 steel circuit at $7.(X) per 1000 feet is 3X5.28XS7.00, 
or $111. (X) per mile of circuit. The cost of a No. 8 copper circuit at 15 cents 
per pound is 3 X 5.28 X50X$0.15, or $119.(K) per mile. 

As the kws with a No. 8 copper circuit is but 31 per cent of that wilh a 
No. 4 stc'el circuit and the cost is practically the same, there is little advantage 
in the use of steel under the conditions i-sssumed. 


Factors Effecting Choice of O-pper or of Iron or Steel. In 
gt‘nenil, thfix' is an aih'jiiitagc in the use of steel only when the 
load is small and the distaiu'e short in proportion to the voltage, 
.so that the minimum size of eoj)iM*r which can be useil for mechan- 
ical strength is sevenil times as large as is iieee.ssar\" for proper 
voltage regulation. This condition is, of eour.se, met much .sooner 
w’hen the price of copper is high than wht*n it is at its normal 
price of 15 to 20 cents per jiound. 

Where there is a prospect of rajnd growth, the use of eop[)er 
may prove most economical in the end, as the cost of rt'placing 
the wire and the <listurbaiicc to the service may well be enough to 
offset the .saving of a few years’ interest on the adflit tonal iiivcvst- 
ment. It should al.so be borne in mind thsit wlien eleciri. service 
is once available, there are additional uses found for it eac*h year, 
and these often result in a growth of load w’hich is unexpectedly 
large. 


190 







192 


ELECTRIC LOCOMOTIVE TOR HEAVY INTBRURBAN SERVICE— 1600 HORSEPOWER 

Courtruy of W eatinohoune Electric and Alann/actunnff Company 


ELECTRIC RAILWAYS 

PART I 


Purpose of Electric Railways. Before a student can appreci- 
ate the functions of the different parts of an electric-railway sys- 
tem, he must know w'hat the primary purpose of such a system is, 
as the details of selection and operation of equipment must have a 
direct bearing upon this purpose. The following important state- 
ment therefore should be kept in mind throughout the course: 

The purpose of a railway system is to transport paying load 
between points at minimum total cost with maximum safety, 

A railway is termed in law a **a)mmon carrier,” and as such 
it enjoys privileges not f'ommon to other lines of business, such as 
the use of streets and roads, and is more or less of a monopoly in 
its territory. For this reason it is subject to the control of the 
public to a greater extent, and this fact affects the engineering 
problems and the details of equipment. For example, the state 
commissions which control railway operation and equipment — 
subject, of course, to the jimsdiction of the courts — ^may specify 
details of equipment which the company might not choose on the 
basis of economy, which fact must be kept in mind in connection 
with the previous statement of the purpose of a railway. 

The two electric-raihvay problems, namely, street and inter- 
urban transportation, must not be confused with heavy electric 
railroading. The latter, although very important, does not affect 
the average man engaged in electric-railway work. It is largely a 
matter of replacing steam witli electric locomotives. This subject 
is treated in the text, “Steam Railway Electrification.” 

Engineering Features. From the engineering standpoint the 
problems of railway operation are largely problems of mechanics. 
A car loaded writh passengers or freight is simply a mass which 
has to be brought from rest up to speed; maintained at speed 
for a while; and brought to rest again. That is all there is to the 
mechanical problem, but this series of three operations involves a 
vast amount of detail in electric-railway practice. The present 
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study is designed to familiarize the student with this detail as 
systematically and simply as possible. He will be assisted in his 
study by noting the divisions of a modern railway system, namely: 

(1) Rolling stock, including equipment 

(2) Motive power (power houses and substations) 

(3) Muink'iiancu of way (track) 

(4) Transmission 

(.’)) TraiisiKirtiition (tinio-tablcs and crews) 

(0) Administration and business 

These departments may or may not iiu'lude the iicctjssary engineer- 
ing and construction forces necessary to build, to renew, or to 
extend the plant. The course will (‘unsist in descriptions of the 
equipment nec’essary or desirable and of the principal prac'tical 
and theoretical featurt*s involved. The major portion of the spaci; 
has been allotted to the first division; the stiulcnt is already 
partly familiar with the railway j^ower station from his earlier 
studies. 

ROLLING STOCK AND EQUIPMENT 

Historical. Before describing the apparatus it may be well to 
call attention to the history of the development of the moilern car, 
which has come, through a process of evolution, to perform its 
functions so perfectly. It has always l)een tlie ease that every 
new form of motive power has been applied first, or at leOwSt very 
early, to transportation. The reason for this is that transporta- 
tion furnishes the largest single field for the application of power. 
As soon, therefore, as the electric motor gave promise of com- 
mercial success, even when ciurent had to be obtained fri)m pri- 
mary batteries, experiments \^erc begun with a view to producing 
electric cars. In 1834 Thomas Davenjwrt, a blacLsmith of 
Brandon, Vermont, made a small model of an electric car. This 
was, of coui'se; driven by primary batteries, for a satisfactory 
form. of the electric generator, or dynamo, was not produced until 
many years later. Davenport made his own motors, which con- 
sisted of permanent magnets and electromagnets, and these, by 
their attraction^ produced the torque. One of the successful 
motors of this time was that of a Russian, M. H. Jacobi. His 
motor was applied to a car by Robert Davidson of Aberdeen, 
Scotland, about 1838. An idea of the principle of this motor can 
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be obtained from Fig. 1, which shows a motor used by Jacobi in a 
boat on the River Neva, Russia, about this time. There are two 
sets of horseshoe electromagnets held in stationary frames facing 
each other and with a space in between; these are the field mag- 
nets. Between them is the revolving armature consisting of bar 
electromagnets, one bridging across each pair of opposite field 
poles. Current flows to the armature through collectors and 
brushes by menus of which the current is applied intermittently. 
The magnets give a series of jerks upon the armature and thus 
keep it revolving. While this motor produced considerable power, 
it was not eflicient. 

In this country in 1847 l*rof. Moses 0. Farmer made a car 
with a motor which looked 
armatures which were at- 
tracted by clectroinagiH‘ta 
took the place of the cars. 

The principle was not sub- 
stantially different from that 
of Jacobi’s motor. It is not 
nct^'ssary to mention all the 
early attempts at electric 
traction, for, until a good 
source of electric power was 
devised, all of these at- 
tempts were commercial fail- 
ures. 

It was in 1879 at the exposition at Berlin, Germany, that a 
successful car was shown and operated, drawing a number of trail- 
ers filled with passengers. The car was siini)ly a Siemens motor 
laid on its side on a little truck and geared to the wheels. Cur- 
rent was taken in from the rails. The firm of Siemens & Ilalske, 
now so well known in the electrical business, put a regular car 
into operation in the suburbs of Berlin in 1881. In this country 
from 1880 to 1885 there were many experimenters trjdng to make 
electric cars, particularly locomotives. The names of Stephen D. 
Field, Thomas A. Edison, Frank J. Sprague, Charles J. Van de 
Poele, Leo Daft, Sydney H. Short, and others should be familiar 
to every student of electric traction. Finally in 1887 the first 


ike a “Ferris wheel,” only th.'it iron 



Fig 1 Eurl^ Jucubi Motor I Mtl on Boat in Russia 
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large equipment of elcctrie traction in this country was installed 
by F. J. Sprague in Richmond, Virginia, and within a few years 
the horse, cable, and steam cars disappeared from the streets. 

The essential parts of a car are the car body and trucks; the 
motors and controlling apparatus necessary in starting the car and 
keeping it gf>ing; the braking apparatus for bringing it to rest; and 
sundry current-collecting, protective, heating, and other secondary 
equipment. 

CAR BODY 

Requirements. The essential features of a properly built 
electric car are: (1) mechanical strength, to stand the strains inci- 
dent to starting and stopping, to irregularities of track, to round- 
ing curves, to collisions, to carrying heavy loads, etc.; (2) lighi 
weight, to avoid loss of power resulting from hauling around 
unnecessary dead weight; (}\) ai'cravib-iliti/, to cMisure safe and at 
the same time rapid loading and dist'harging of passengers; (4) 
convemence, so that the comfort of passengers is well cared for in 
regard to seating, lighting, heating, and ventilation; and (5) attractive 
appearance, to please the riding public and thus attrac't business. 

Classification. In general, electric cars may be divided into 
three classes: light-weight single-truck cars; double-truck city cars; 
and high-six*ed interurban cars. In addition to these well-defined 
groups, there are many special types used for special conditions 
including subway and elevated tyjies and cars for electrified steam 
n)ads. 

The so-called light-weight safety car has lx*conie very popular 
on account of the saving in wages, reduced cost of maintenance, 
and lower power costs. 

Double-truck city cars, Fig. 2, arc used where the traffic is 
too heavy for small cars and are designed for moderate speeds and 
frequent-stop service. 

High-speed interurban cars, Fig. 3, are of necessity more 
strongly constructed, which means greater weight to withstand 
the strains incident to speeds of 60 miles per hour or even higher. 

G>nstruction. The tendency in all types is toward the 
increased use of steel construction, ranging from a steel frame in 
the small cars to an all-steel con.struction in the high-speed inter- 
urban and suburban tyi)es. 
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As a matter of economy in con- 
struction, an arch roof is commonly 
used, with suitable ventilating open- 
ings. Platforms and vestibules and, on 
some types, a center door are provided 
to expeditiously handle passengers and 
to assist in taking up fares, as well as 
to ancoinmorlatc the crew and the con- 
trolling apf}aratiis. The important divi- 
sions of the car body are: underframe 
and floor; sides and ends; roof; and 
platforms, vestibules, and doors. 

Double>Truck City Car. Frame. 
The imdcrframe is the foundation of the 
laaly and its design and construction 
arc therefore of greatest importance, 
'riic frame is most commonly an all- 
steel structure composed of side, cen- 
ter, intermediate, cross, and end sills 
of heavy angle and bracing. A typical 
city car of the cloublc-truck tyiwi is 
shown in elevation ])lan and section in 
Fig. 2. The side, center, and end sills 
are designed for strength and .stiffness 
to withstand buffing sti’aius and mtay 
be cither «)f wood, steel, or a combina- 
tion of both. Th.e center sill js a steel 
I beam, 6 inches di*ep at the amter 
with a wo(m1 filling bolted .securely to 
both sides. The side sills in this case 
are i-e' angle reinforced at the 

bolsters with angle of the same dimen- 
sions. Z-shapt‘d end sills of ^-inch 
pressed stet;l are secureJy bolted to side 
sills and platform knees; the crossings 
are tjf ^-inch pressed steel attache<l to the 
side sills by angle brackets. This con- 
struction is shown in detail in Fig. 4. 
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The bolsters are of cast steel bolted to the side sills with 
openings for the passage of brake rods, conduit, etc. The outside 
platform knees are of T'XSi'Xj' angle reinforced with 2'^X2*Xi' 
angle under the end sill. These outside platform knees, Fig. 5, 



are suspended on the prc'sst'd-stc'el end sill, the knee bearing 
directly under the side sill at the end rear. 

Bodif, In the body framing of the ear tlie side posts are of 
2'X2''Xl' and 2‘'X2''X ri'' tees extending from the side sills to 
the top rails. The corner posts are of ^jj-ineh st<‘el, and the side 
sheathing is of the same dimension made in three sections. The 
roof is of the plain arch tyjje running the full length of the car 
supported on U-shai)cd pressed-steel rafters. Figs. 6 and 7 show 
the steel frame in protx'ss of erection. 

High»Speed Interurban Car. For purposes of illustration, 
description is here given of a typical high-speed interurban car of 
all-steel construction arranged with both a passenger and a bag- 
gage compartment, Fig. 3. The passengiT compartment is SIJ 
feet long, seating forty-t>v(> pfussengin-s, and the baggage compart- 
ment is 14 feet 4 inches long with ffdding seats for the accommo- 
dation of fourteen additional passengers. The w^eight of the cor 



F^g. fi. natform Knee 


body without electrical equipment is 30,500 pounds, and the total 
weight of the car completely equipped is 41 tons. 

The construction throughout is somewhat heavier than the 
city-type car just described, as is easily shown by the difference 
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in weight, the city car weighing about ]5 tons with a seating 
capacity of forty-four, while the interurbaii car weighs 41 tons 



Fig. 6. Siipentnirturp Fmininic of Stcol-Frame Car 

with a seating capacity of fifty-six inchuliiig space in the baggage 
compartment. 



Fig. 7. FVunlng Complete, Reedy for Roof Sheathing and Wood Floor 

Vestibules. For city service the prepayment s^'stem of fare 
collection has been almost universally adopted. With this 
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improvemeiit has come the fully enclosed platform with folding 
doors and steps to eliminate accidents due to boarding or alight- 
ing from moving cars. In many cases the construction of the car 
is modified to include center entrance or exit for the purpose of 
more rapidly loading and unloading the passengers. The platform 
is usually made of sufficient length to allow passengers to get on 
and off at the same time. Some form of the pay-as-you-ciiter 
plan has been adopted for pRic'tically all city service. Fig. 8 
shows a typical platform divided mto two sections by a guard 
rail. The larger section B is fur entering })assengers, and C is an 
exit passageway. Space is 
also allotted for the conduit 
tor, from which he can col- 
lect fares, operate doors, etc. 

The front platform is in- 
tended as the main exit an<l. 
in the case of single-end cars, 
can be made shorter than 
the rear vestibule. The mo- 
torman is so located that he 
is out of the way of passen- 
gers and is preferably pnn 
tected by a guard rail to 
prevent interference in caw 
of crow'ded cars. 

One of the important modificatiims of the pay-as-you-4*nter 
type is the so-called Peter Witt car, in which tlie passengers enter 
at the front end and pay upon passing the conductor at the 
center of the car. The object of this arrangement is to allow 
such passengers as wish to pay immediately to pass to the rear of 
the car, while others who may Avish to pay later can remain in 
the front half of the car. This facilitates the pajment of fares by 
distributing the time of payment over a longer period and is 
especially useful at terminals where practically the entire car is 
filled at once. 

TRUCKS 

Classification. The electric car body is carried on trucks, 
each truck having four wheels. There may be either one or two 
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trucks per car, which is indicated by the terms “single-truck car” 
and “double-truck car.” The construction of single and double 
trucks is quite dilTerent and will be treated sei)arately. 

Single Truck. A t,\ 7 )ical truck for a light-weight city car is 
shown in Fig. 9. In this truck the wheels are 24 inches in diam- 
eter with a wheel base of 8 feet. There are two longitudinal steel 
strips, A and 7i, to which the car body is bolted. Each of these 
strips is supported on two leaf springs Si and four coiled springs 
iSfj. The coiled springs take the main weight *)f the body, while 
the leaf springs support the cnrls of the body which overhang the 
axles. Both the coil and leaf springs rest upon a forged side 
frame F, w'hich is spring supportwl by means of the springs S 3 . 
These s])rings n^st in the sockets of steps, w'hich project from the 
bottom of the journal boxes J. The journal boxes are of cast iron 
and carry the bearings and afford space for lubricating grease or 



Kik a nrill SiurIp Truck 


oil. Where the side frame passes over the journal boxes, it is 
arched so as to clear them. The sides of this arch form guides 
which work in groups in the sides of the journal boxes. The 
frame can, tlierefort*, move up and down as the springs are com- 
pressed, but its motion in. other directions is restrained. The 
journal boxes, carrying the weight of all the parts so far described 
as w’ell as that of the car body, rest upon the ends of the axles. 
The journals, the wearing parts of the axles, project beyond the 
wheels, which arc pressed upon the axles. 

In addition to the essential features mentioned, the truck 
illustrated in Fig. 9 contains several important details, which may 
be seen in the figure. The two side frames are held in the proper 
position by braces at the center and by the “pilot boards” 
0 at the ends. The motoMUspension bars M are spring sup- 
ported from the side frame. These bars are provided to carry a 
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part of the weight of the motor, the balance of which is sup- 
|M)rte(l by the axles. The brake rigging, comprising shoes, hangcvs, 
roils, and levers, is carried by the truck. This is not shown 
clearly in the illustration and will, with the other details, be 
described separately. 

The purpose of the rather elaborate spring support of the car 
body and truck frame is to provklc comfortable riding for the 
passengers and durability for the car and the track. When the 
wheels strike irregularities in the rails or obstructions upon them, 
the wheels arc given a violent upward or downward motion. 
This motion is not coiiiiminicated instantly and violtMitly to the 
car body, which possesses inejlia, but it is more or less absorbed 
by the s])rings. The car is thus relieved of the blow which it 
would otherwise receive, and in turn the track is saved the rcac'- 



Fig. 10. Bnll Stttudunl IdRht'Wcight Truck 


tive blow due to the mass of the cur. The spring system is 
designed to prt'vent teetering of the boily while giving* as much 
flexibility as possible. Teetering, as the name indicates, is the 
backward and fonvard vibration of the body, which is started and 
maintained by irregularities in tlic track. It is very trying to the 
passengers. The leaf springs Si tend to prevent this trouble. 

A single truck of somcwdiat different construction is shown in 
Fig. 10. The general arrangement of the parts is given in the 
illustration, and it will be noted that the wheels are equipped 
with ball bearings. The wheels are 24 inches in diameter, and the 
entire* truck weighs only 3300 pounds. 

Double Truck. M.C.B. Truck. There are several common 
forms of double trucks, including what are known as M.C.B. 
trucks, which are built on lines recommended by the Master Car 
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Builders’ Association for steam railroad equipment. Two such 
trucks are used per car where the bodies are too long for a single 
truck of the type previously described. These are known as 



FIr. 11. Brill M C n. Trurk 


swivel trucks and have the advantage of a short wheel base, that 
is, short distances between axle center, which construction per- 
mits tliem to pass easily around the sharp curves used in many 
city stri'cts. From Fig. 11 it will be seen that the truck (‘(insists 
of a rectangular sUx*! frame, supported by coih'd springs which 
rest on equalizing bars, or yokes, extending from journal box to 
journal box on each side, distributing the weight equally to 



Fif. 12. Section of Oolutcr, KUiptical SpringH, uiul Spring Plank 

both axles. The car body is supported on a center pivot plate 
upon which the tnick turns, or swivels. The bolster of the car 
body rests upon this bearing plate and is held in place by a king 
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bolt to prevent the pivot plate becoming unseated. The pivot 
plates form the main supports of the car bcnly, which is balanced 
sidewise upon them when the weight is evenly distributed. Side 
bearings are also provided to prevent tlie car tipping when the 
weight is unbalanced, in which case they rub on the side bearings 
of the car-body bolster. The relative positions of tlic car-body 
and truck bolsters and the center and side bearings, as well as 
otlier important details, are sho^m in Fig. 12. 

Tn onler to secure the greatest possible elasticity of car-body 
support, a double spring sj'stein is used in the M.C.B. truck as 
follows: 

(1) Tlio truck bolster is curricrl u)K)n a spring plank, Fig. 12, thruuKh 
elliptical leaf springs JSiS. Fig. 13 shows the bolster, spring plank, and clli|»- 
ticnl springs in more detail. The spring plank hangs from the transom by 
links LI,, Fig. 12, which allows a slight swing sidewise. The transom con- 
sists of two stcM*! plates, sej)aTated hy ('uough space* t*) a(*coinmorlutc the bolster 



and with enough clearHiiee to permit the b*dstj*r to move up and down as the 
elliptical springs are eompiesswl or releaseil. The transom w rigidly attachetl 
to tlie frame. 

(2) Tlic iniiin fraim* is spring supiiortwl through the eoilM springs CS, 
Fig. 11, upon the side ham D, whieh in turn are e.'irrii’d hy the journal Imxns. 

Ill onler to prt'serve the iiroiH-i* aligniiient of the journal boxes 
and truck frame, the latter carrhs downward-pnijccting castings 
PJ)j which form guides for the journal bo.xcs. The latter, as in 
single trucks, are grooved on the sides to fit the eastings. These 
castings form the jx'dcstal. 

Of considerable iniportunce are the small springs (not shown) 
on the ends of the truck bolster, which prevent it from striking 
violently against the truck frame; the brake hanger BII, which 
supports the brake shoe; and the pilot board, which is intended 
to remove ob.struction.s from the track (see Fig. 16). 
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Fig. 14. Briil 51-El Truck 
CS. Coiled Springe; D. Side Frame; SB, Side Bearing; MS. End FVame. PD. Journal Box Ouido, 
bS. Motor Suapcneiun Springs; B, noi->‘pr Spring; P, Pedestal Tie Bor- 
BH, Brake Hanger: PB, Ocuter Pivot Plate 


owiiiKu, jj, npnng; Mr, I'cae 

BH, Brake Hanger: PB, Ocuter Pivot Plate 


Other Types of Short-Whecl-Base Trucks. A short-wliec*l-basc 
truck of somewhat different construction is illustrated in Fijr. lo. 
It is necessary to have a short wdiecl base, or distance between 
axle centers, when the truck has to round curves of short radius. 
In such a truck there is not room for the motors between the 
axles, and consequently the motors must be turned around with 



Eig. 16. Brill Short-Whoel-BaaQ Truck with Out8ide>Hung Moton 


their spring suspensions on the outside. Motors so mounted are 
ovlsi^ hung as contrasted with the others, which are, therefore, 
inside hung. The short-wheel-base truck shown in the illustration 
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has some other features which are different from the other trucks 
described. The side bar is a steel casting which is very simple 
in construction. Hie spring support is also much simpler than 
hi the ^I.C.B. truck, although it is a less easy-riding support. On 
tlie top of each journal box is a coiled sjiring which rests in a 
socket cast for the purpose. The side bar expands into a socket 
at the top to receive the coiled spring. The bolster is supported 
on elliptical springs carried by the spring plank, as in the other 
trucks described. 

Maximum- Traction Truck. The maximum-traction truck is a 
spec'iiil form of truck cmjiloycd when two motors sire to be used 
on a doubk*-truck car. If but one motor is mounted on a stand- 


-- — :t- 



Fik- 16> Brill Manmuin-Traction Trurk 


ard truck, but one-half the weight of the car is available for 
producing adhesion between the whe<*ls and the track w'hen the 
car is being driven by the motors. In the maximum-traction 
truck the cimter of support is shifted from the center to a point 
as nearly over the motor axle as pohsible, Kig. 1(5. The two 
pairs of wheels arc of diffemit diameters, the driving wheels 
lieing of as large diameter as the room under the body iiermits. 
The others an*, pony wheels which follow the curvature of the 
track with great precision. The motor is outside hung from the 
main axle, as in the case of the short-wheel-base truck. In tlic 
type of truck shown the bolster is mounted on leaf springs hung 
from the side bar by links, this being necessary in order to allow 
space for the brake rigging between the wheels. The essential 
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features of the maximum-traction truck are the same as in the 
trucks described earlier. In the side elevation of a car body. 
Fig. 8, the wheels of a maximum-traction truck are shown. 

TRUCK DETAILS 

Standardized Parts. The forms and dimensions of a numbei 
of the component parts of trucks have become standardized 
throiigli the co-operation of the Ameri(*an Electric Railway 
Engineering Association, the manufacturers, and the electric- 
railway operators. The staiulards adopted by the Iliiilway Asso- 
ciation may be considered as the best that can be devised at 
present. These standards were adopted by the Association in 1915. 
The truck parts standardizf.*d are (1) axles, journals, journal 
bearings, an<l journal boxes; (2) brake shoes, brake-shoe hearls, 
and kej's; and (.‘1) section of treml and flange of wIich;!. 

Axles. The forms and diinensitais of axles as adopted by the 
Association are given in Table 1. The accompanying diagram 
shows the different i)arts of an axle. At the ends of the axles 
are the journals .1.1, which are supiKirted in the bearings carried 
in the journal boxi's. Next to the journals are the whetd scats 
GGf upon wiiich the wheels, bored slightly smaller than the axles, 
arc finnly pmssed. Slightly larger than the wheel scats is the 
gear seat. The gear wheel, through 'which the driving forc*e from 
the motor is transmitted to the axle, is fitted tightly to this part 
of the axle. It is jirevented from rotating on the axle by a stetd 
key, which is driven into a slot and into a similar slot in tiic hub 
of the gear wheel n'gistering wdth the axle slot. The remainder 
of the axle is available for the support of the motor, whifdi hangs 
upon it by means of two l)earings. At the ends of the journals 
the axle is enlarged to form two shoulders which prevent endwise 
motion of the axle in the bearings. 

Specificaiiomt. On account of the importance of the quality 
of steel used in the manufacture of axles for electric motor cars, 
the American Electric Railway Engineering Association has adopted 
standard specifications for steel axles, this information being incor- 
porated in the engineering manual of the Association. The following 
extracts fn)m the standard specifications indicate the importance 
of using high-grade material for axles, shafts, and similar parts: 
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TABLE 1 

Specifications for American Eicctric Railway Engineering Association 

Standard Axles 

ot^ro// 



MANUFACTUUK 

Process. Unh’hs <ilhrr\vi»o slwl shall bo inado by the oimn* 

liporth proooHS. 

Discard. A sulTioient diseanl shall bo marie fnim each ingot to secure 
freedom from injurious ])iping and iiiidiie sogn'grit ion. 

Turning. 'Phe forgings shall ouiiform to siises and shapes speciliod by 
the piirr'liaser. 

riiU'HB otherwise specified by the purchaser, axli's, shafts, and similar 
round forgings shall have a collar appnjximatrdy 2 inolu'S in width left rough 
forged on each forging, and the remainder of the forging shall be rough 
turncxl with an allow'anee of a-inch on the surface for finisliing. 


CHEMICAL PllOPEllTIES AND 1’E.STS 


Chemical Composition. 
chemical composition: 

Carbon 
Manganese 
Phosphonis . 
SulpW 


The steel shall conform to the following limits in 


not over tl.tiO jier cent 
. .0.40 to 0.70 per cent 
not i>viT 0 1)5 per cent 
.nut over 0.05 (kt cent 


Ladle Analysvs. An analysis sliull la; made by the manufacturer from 
test ingot taken during the pouring of each melt, a copy of which shall 
given to the purchaser or his rcpnxientative. This analysis shall conform 
the requirements specified under Chemical Composition. 
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Check Analysis. Analyses may be made by tlu‘ purc'haser from a forging 
representing each melt, which shall conform to the requirements specified 
under Chemical Composition. Drillings for analysis may be taken from 
the forging or from a full-sized prolongation of the Mime at any point midway 
between the center and the surface; or turnings from a tcnsilc-tcst specimen 
may be used. 

In ucldition to the complete analysis, a phosphorus determination may 
be maile by the ])urchaser from tuniings from each teriHilo>test specimen, and 
this determination shall conform to the requirements for phosphorus specified 
under (.'hemieal Composition. 

PHYSICAL PROPERTIES AND TESTS 

Tenxilc Tests. After annealing, the forgings shall cuiifurin to the fol- 
lowing niininmin tensile pTo]M*rties: 

Tensile strength (Ib. per sq. in.) StXMK) 

lOlastic limit (lb. per sq. in.). 50 per cent of tensile strength 

Elongation in *2 inches 22 per eimt 

Reduction in area. 35 per cent 

The elastic limit shall be determined by moans of an cxteiiHometer. 

Beiui TfKis. The bend-test specimen shall bend cold through 180 
degret's around a 1-inch fiat mandrel having a rounded edge of 3-inch radius, 
without cricking on the outside of the btmt portion. 

UmtUon of Test SjH‘dmms. Tension- and bend-test speciim'ns shall be 
taken from a full-sized prolongation of any forging. The axis of the speei- 
iiieiiH shall be located at any point midway between the center and the 
Hurfiiee of thu forging and shall be parallel to the longitudinal axis of the 
forging. 

The b<*iid-tcst specimeu shall be. J-ineh sc(uare in section, with corners 
rounded to a radius of not over x^rincli, and noiKl not exceed (» inehes in 
length. 

MARKING 

Marking. Each billet shall be legibly stampt'd with an identification 
number representing melt, which shall be transferruil to the final forging 
immediately after reduction of billet has been comphded. 

Before annealing, each forging shall be stamped w'lth a shop identifica- 
tion number. Thi*se shop numbers are to permit of identifying the foigings 
in each annealing cluirge to determine the number of iihysical tests as reiiuired. 

The name or trade mark of the manufacturer, identification number, and 
inspector's mark shall be legibly stamped on each finisluMl forging in locution 
indicated by the purchiiser. 

The manufacturer shall report to the purchaser upon each shipment 
the number of annealing charges, together w'ith the melt numbers and identi- 
fication numbers of forgings included in each annealing charge. 

INSPECTION AND REJECTION 

Inspection. The entire process of manufacture of forgings shall be sub- 
ject to purchaser’s inspection, unless otherwise specified 
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The inspector reprcsonting the purchaser sliall have free entry at all 
times while purchiMor’s order or contract is bciiiK executed to all parts of the 
manufacturer's works which concern the inanufacturc of forgings ordered. 
The manufacturer shall afford tlic inspector, free of cost, all reasonable 
facilities to satisfy the latter that foldings are being furnished in accordance 
with these specifications. Tests and inspection shall be made prior to 
shipment. 

Th(} purchaser may make trata to govern the acceptance or rejection in 
his own laboratory or elsewhere. Such tests, howiwcr, shall be made at the 
expense of the purchaser. 

Journal Boxes and Bearings. The Railway Association has 
recDnimeiided the gt'ncral dimeiisions for journal boxes to «)rre- 
spoiid ■with the journal diiiieiiKions of Table* I. One of these boxes 
is shown in detail in Fig. 17. and its relation to the adjaci*iit j)arts 



Fib. 17. Aiiierifaii Electrir lliiitway Ensiiii’criiiK Assinjiation StAndard 
.louriiiu liuxi'H 


of the tniek can be seen in Fig. 14. It is a inallcable-iron casting 
w’ith guide grooves on the sides, into which fit the truck pedestal. 
On top of the box is the seat for the equalizer bars, the ends of 
which rest theit*on. 

The two ends of the box have openings: one to admit the 
axle; and the other, which is covered by a spring lid, to permit 
cleaning the inside of the box and replacing the grease and waste 
(or the oil) used in lubrication. Inside the box arc the lugs which 
keep the jounial bearing in position. In Fig. 18 are represented 
such a journal Ix^aring and the wedge placed above it to hold it 
in place. The space inside the journal box is sufficient to accom- 
modate the journal, the bearing, and either a quantity of grease- 
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soaked cotton waste or a quantity of oil with a simple ring or 
wick device to feed it to the journal. As the journal bearing 
surn>iinds only the upper part of the journal, the lower part is in 



FiK. ]8. M.C H Joiiriiul lk>:trinK luul WivIki* 


contact with the lubrieaut. On the whwl, or inner, end of tlie 
box is a thin diarnber open at the bottom, which permits excess 
lubricant to flow out upon the track ratlicr than ui)on the wheels. 

In Fig. 19 are sliown the journal box, bearing, and wedge in 
their proper relation. 

Brake Shoes. Cars arc brought to rest through friction 
between the rims of the wheels and cast-iron blocks pressed firmly 
against tliem. Tliese blocks, or shoes, are curved to fit the rirns 




Fik- 19- Journal Box with Jourtiiil and Bi'arinK in t'oBition 

of the wheels so as to give the best possible grip. The brake 
shoes wear away very rapidly in service, so that they must be 
hung in such a manner as to permit them to be replaced readily. 
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They are, therefore, carried in supports called brake heads, to 
which they are attached by single keys. The heads, in turn, are 
hung by means of some kind of a link or other support from a 
fixed point on the truck, BH, 

Fig. 11. In Fig. 20 is given a 

picture of a combined shoe and \ 

head. Fig. 21 is from the A.E.R.A. 

Standanlization Report. It is in- \ ys^ 

tended to give an accurate idea of 
the details of Fig. 20. On account f 

of the irregular sliai)e of the parts, 

they are difficult to show clearly 

in drawings. Tlie priiiciiail point p,, 2 „ n™k. sho. n«id 

is to see how the brake shoe is sui)- ^ 

ported in the head. The shoe is sJiown in the liead in elevation 
and section at the bottom of the illustration; and at the top is 
given a plan without the hcjid. The shoe consists essentially of a 
curved iron block, somewhat over IJ inches thick and flanged to 
fit the rim of a car wheel. The shoe bears upon both the tread 
and the flange of the wheel. Proje<*ting from the upper side of 



SECTfON A-A 


Pig 21 Aiiifrivttu Eli-otni* Railwa)' Eiigmcering A-ihi •nation Standanl liraka Shoe 

the slioe are lugs ifi, 3%^ and i/^, by which it is held in proper rela- 
tion to tlie supporting head. The center lug 3% has a rectangular 
hole through it. 


21S 




ELECTRIC RAILWAYS 


TABLE II 


Specifications for Standard Steei Wheel 
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The head is a (‘asting with pnijecting lugs ./»„ ./e, and ./y. 
The center lugs J* and Je have rectangular holes corresponding to 
thai in lug .7* of the shoe. These holes accommodate a taper key 
which holds the shoe and head together. The end lugs of the 
head *1^ and Ji fit loosely over the corresponding Jugs J\ and ./.i 

oil the sho(‘. Suflieient space* is allowed 
over shoe lugs »7i and to permit the 
taper key to pass through loosely. 

Wheel Treads and Flanges. The 
standards of the Association are shown 
in Fig. 22 for wide- and narrow-tread 
wheels. The peculiar form of the c(»u- 
tour has been determined from the ex- 
jicrieiicc of many roads as that best 
adapted for keeping the wheels <ui the 
rails and giving gotul wearing qualities. 
I'niformity in this matter is especially 
desirable so that the wheel manufacturers 
can supply wheels from stock without 
keeping too many varieties on hand. 
The cost of patterns and tools is reduced, 
and the wheels can be made more cheaply. By the use of standard 
wheels, equipment can be interchanged between roads. 
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Fig. 22. Amcriran Elpotric nail- 
way EnginiHTing Amtinatiuii 
Standard yrhcel Flangiv 
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Car Wheels. Parts. A wheel is shown in cross-section in the 
cut given in connection with Table II. It consists of the hub, the 
rim, and the web, or spokes. A projection of the rim, which is 
necessary to hold the wheel 
on the rails, is the flange. 

The hole in the center is the 
bore, and the outside slightly 
conical surface of the rim is 
the tiead. The rim may be 
of one j)iece with tlie body 
of the wheel, or it may carry 
a steel tire. 

Cast-Iron Wheel. The 

cheapest wheel is one made ^ 

of cast iron with a hardened tread. Two difl’en'iit styles of cast-iron 
wheels are shown as parts of the trucks in Figs. 9 »iinl 14. These 
illustrations should be cvainined with a view to determining the 
forms used to economize material and to give strength and stiff- 
ness. The tread is hanlcncd, or (*hillerl, by (usting the metal 
against an iron band placed in the sand molrl to form the tread, 
nie result is such a hard tread surfnee that only an emery 
grinder will cut it. The principal objections to chilled wheels are 
the <lifficiilty of truing them and the danger due to chipped 
flanges and brittle wheels. Cast inai itself is liable to flaws, and 
this liability is inert'ased by tiie chilling. For low-speed service, 
liowever, chilled wheels are eii- 
tin*ly satisfactory. 

Pn/ied-Sfrel Wheel. TIse 
roIle<l-steel wheel and the steel- 
lircjl wheel arc prt'ferrcd for high- 
speed service. Such wheels are 
free from the objections to chilled 
wheels, and this is well worth the 
gi'catcr cost. As the rolled-steel wheels are in one piece like the 
cast-iron wheels, they arc inherently preferable to the steel-tired 
wheels, which are built up of several pieces. The cross-section 
of a steel w'heel recommended by the A.E.R.A. Committee on 
Equipment is given in connection with Table II. By one process 
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the rolled wheels are made from steel ingots, sliced cold into bil- 
lets, each of which contains steel for one wheel. The billet is then 
pressed hot under enormous pressure in a hydraulic ))ress into 



somewhat the form of the whct^l; next, a hole is punched through 
the center; and finally, the wheel is rolled in a very heavy mill to 
the desired form. In this mill the rim is surrounded by rolls 



Fig. 26. Solid Cast Gear for City Bervloe 


except in the portion covered by the web. While it may seem 
strange to make a wheel without cutting, it is possible, because 
steel ''flows” just like lead if the pressures applied are great 
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enough. The rolling process, also, is beneficial to the metal in 
rendering it compact and homogeneous. 

Steel- Tired Wheel* While solid-steel wheels are coming into 
use, the built-up wheel is more usual at present. This consists of 
cast or forged hub, spokes, and rim, with a steel tire shrunk on 
Such a w'hecl is shown in elevation and in section in Fig. 23. 
'riie drawings show the light retaining rings riveted to the rim on 
the two sides of the tire to prevent the latter fn)m slipping off, 
which it tends to do when it wears thin. As stated, the tire is 
shrunk on. When cold, its internal diameter is slightly less than 
that of the external dianictc’r of the rim. When heated, it 
(‘X])ands sufficiently to alhnv 
it to slip over the rim; and 
when it cools, it contracts 
and binds the rim firmly. 

The tire is about .3 inches 
thick W’hen newj and it can 
bt! worn down until it is less 
than 1 inch thick. AnotluT 
sati.sfactory arrangement of 
tire is that illustrated in 
Fig. 24. There are no n*- 
taining rings rc'quircd in this 
case, the tire being bolted to 
the rim. Such a tire cannot 

, , Fik, 27. Split rant-StiH-l C«ir for City Service 

g(‘t Joose. 

Axle Gears. On the car axle. Fig. 2.’), is mounted a gear 
W'hecl which meshes w'ith the pinion, or small driving g«*ar, on the 
motor shaft. The axle gear is of east steel and of the form 
shown in Figs. 2f) and 27. Fig. 2t» illustrates a solid gear which 
must be put on befoix; the second w’liccl is pressed into position. 
The position of the a.\lc gear on the axle can be seen in the cut 
acw^mpanying Table I and in Fig. 25. The gear is keyed to the 
axle to ])reveiit turning. In Fig. 27 is shown a gear which is 
split along a diameter with the tw'o halves bolted together. This 
gear can l)c mounted on an axle without disturbing a wheel. A 
recent form of gt'ar. Fig. 28, is provided wdth a removable rim, so 
that the same center can be used even after the teeth wear out. 
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The gear rim is cut accurately with involute teeth, great care 
being taken to insure good wearing surfaces to prevent friction. 
There is always, however, a considerable loss at tliis point, 3 per 
cent or more of the power of the motors being absorbed. 

Except for axles of the old type on which the wheel and gear 
fit are the same diameter, solid gears have practically replaced the 



Fig. 28. Compoiitc Gear with Untiratrd Crater o CaRl-Stnel 


split type, owing to their supiTior o])crution, freedom from broken 
bolts, loose gears, scored axles, and lower first cost. 

MOTORS 

DIRECT-CURRENT SERIES TYPE 

Construction. The motor used for traction work is of the 
series type (usually wdth commutating poles also), the armature 
and both field circuits being ctmnec'ted in scries. A simple dia- 
gram of these circuits is show^n in Fig. 29. 

The essential parts of this motor are: (1) a steel magnet 
frame which carries pole pieces for the main and commutating 
poles and also forms the enclosing case for protecting the motor; 
(2) an armature of the series or wave-wound type with commuta- 
tor; and (3) a brush-holding mechanism supporting two sets of 
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carbon brushes mounted at right angles, with suitable cable leads 
for carrying the current. In Figs. 30 and 31 is shown a railwi«y 
motor of the box type viewed from the axle side and the susp^ n- 
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Fig 20. Diagmia of Field suicl Ariiiiitun> Circuita in Tinrtion Motor 


hitjii sitk*, respectively, while Fig. 32 shows a similar motor having 
a split frame with the lower frame down for iiis])eetion. 

The motor consists of a cast-steel frame approximately 
octagonal in form east in one piece and provided with bored 
openings at each end. The armature, jjole pieces, and field coils 
can be inserted or mnoved through one of these openings. The 
main pole cores are 
built up of lami- 
nated steel and se- 
curely bolted to the 
magnet frame. The 
commutating poles 
are of drop-forged 
steel bolted to the 

frame between the Kg. so. iO-Hp. Railway Motor, Axle ado 

main poles. The 

armature is supported by bronze bearings, w'hich are lined with 
babbit and supported in the frame heads of the motor. These 
frame heads are securely bolted to the end of the magnet frame. 
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The motor is supported on one side by axle bearings, which are 
carried directly on the car axles. On the opposite side are sus- 
pension lugs, by means of which the remainder of the weight of 

the motor is supported 
by a suspension bar 
forming a part of the 
truck fnime. Suita- 
ble openings are pro- 
vided over the com- 
mutator to allow easy 
access to the commu- 
tator and brush hold- 
Pi, 31. IWl«r Motor, OthtT han.lholoM 

art* also provided for convenient inspection of the interior of the 
motor. The hedes through which the armature and field cables arc 
brought out through the case arc lined with insulating bushings 
to prevent the possibility of grounding on the frame. 

Ventilated Motors. Until a few years ago railway motors 
were constructed totally eiiclos(*d, and all dissipation of heat was 
effected through the steel enclosing ease. During the past few 
years, however, the ventilated niott^r has b(*en dex'eloped and is 
now standard for railway wc)rk. In these motors there is a 
definite circulation of air obtained by means of a fan whii:h is an 

integral part of the armaturi;*- 
corc head. Air is taken fnmi 
the outsid(> of the motor 
through s!]i table openings, 
passed thiough longitudinal 
ducts in the armature core, 
Fig. 33, and around the field 
coils, and exhausted to the 
outside air. This construction 
differs from the earlier t 3 TX*s, 

ng. 32. Raflway Motor vith i.owcr Frame whicli Were cooled by means 
Doan for Inspection ^ circuktion of air withill 

the motor, the heat being passed from the air to the motor frame 
and thence radiated from the steel case. In these motors the 
ventilating ducts in the armature core are radial, that is, the 




ng. 32. Raflway Motor with I.owcr Frame 
Doan for Inapection 
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air passes from the armature spider radially to the surface of the 
armature. 

Types of Ventilation. In general, there are two methods of 
motor ventilation. The first is known as the scries tji)e, Fig. 34, 
in vrhich the air is taken in at one end of the motor through a 
screened opening, passed around the fields, and then longitudi- 
nally through the armature core, reaching the outside air through 
other ventilating openings. The s<‘eond ty])e is known as multiple 
ventilation, Fig. 3fi, in which the air is taken in at one end of the 
motor by a double fan, whicli passes two currents of air through 
the motor, one through the armature core and the other over and 



FiR 33. Arninturo Coro Partially Assciiibk'd on Sliiift 


around the field coils. The heated air is then exhausted at the 
opposite end of the motor. 

Eticlosed rs. V ml Hated Motor. With the ventilated type of 
construction it may easily be seen that the amount of ventilating 
air is inert'ased when the motor sjHM'd is increased. The capacity 
of the motor is much greater when operating in high-speed inter- 
urban service than when employed in low-speed city service. It 
is estimated, however, that for a city service having frequent 
stops and a schedule speed of 10 miles per hour, the ventilated 
motor using tlie scries t>T)e of fan is capable of handling from 10 
to 15 per cent heavier loads than the totally enclosed motor of 
the same hp. rating. For interurban service, operating at a 
schedule speed of 18 miles per hour or more, the series-ventilated 
motor w'ill handle from 25 to 30 per cent greater loads than an 
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enclosed motor of the same hp. rating. Because of the method of 
rating railway motors, the hourly rating of the ventilated motor is 
not very much greater than that of the enclosed motor. This is 



31. Series Method of Motor Ventilation 


partly due to the definition of hj). rating as prescribed by the 
American Institute of Electrical Engineers. 

Nominal Rating. The nominal rating of a railway motor shall 
be the mechanical ontinU at the car or lovomotirc axle, measured in 



kilowatis, which causes a rise of temperature above the surroundiru/ 
air. by thermometer, not exceeding !Xf C, at the commutator and C. 
ut any other normally accessible part after one hoards continuous 
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run at its rated voUage (and frequency in the case of an a.c. motor) 
on a stand with the motor cooers arranged to secure maximum ventila^ 



Fig. 30. Main ami Commutating Firlii Coils 

tio7i without external blourr. The rise in temperature as measured 
by resistance shall not exceed ItHP C. 

Under this rule it should be noted that the totally enclosed 
motor is tested with all covers removed, allowing; •much jjreater 
ventilsitiori than is tlie ease under actual service. 

Box and Split-Frame Motors. By far the larf^iT ])art of all 
the railway motors now bein#? nianufacturctj in tliis country are of 
the box type, although there are many split-frame motors in 
service. The object of the split-frame motor, Tig. 32, is to facili- 
tate inspection from a pit without removing the motor from the 
truck frame. Many of the smaller roads in the early days had no 
facility for lifting a ear body fmm the trucks and on this account 
objected to the box type of motor; however, methods have now 
lx*en devised by most railway sy.stems for handling the box-frame 
type. The principal ndvantagc.s of the box frame over the split 
frame ai-e as follows: (11 larger outinit for same space and weight; 
(2) unbroken magnetic cin uit of the frame and greater protection 



Fig. 37. Main Pair and Commutating Held Complete 

to field-coil connections; and (3) elimination of the joint in the 
frame, giving freedom from oil and more room for field coils and 
axle bearings. 
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Field Pbles and Colls. The field coils, Fig. 36, which carry 
the current around the pole pieces, Fig. 37, and thus form the 
magnetic field of the motor, are all wound of strap copper insulated 



i<ig. 3a Commutator, Core, and Shaft 


between the turns with asht'stos insulation. After being entirely 
wound U|), the coil is dipped in insulating material and baked to 
prevent possibility of injury by nuigli handling or from the pene- 
tration of nioistim\ These coils are held in position on the p(»le 
pieot'S by the projecting pole tips with suitable protection by 
means of pn*ssed-steel sj)riiig seats which distribute the pressure 
on the coil and at the same time hold it away from the frame. 
These flat wheel springs prevent vibration and injury to the 
insulation. 

Armature Core and Coils. The armature core of the ven- 
tilated motor is built up of thin steel sheets insulated from each 
other by coats of japan and clamped firmly together between 
steel end plates. Each of thest* sheets has a niimbcr of hrdes 



through the central portion, and when completely assembled, 
these form longitudinal ducts for the passage of cooling air. This 
core is pressed on to the armature shaft and keyed in position 
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before assembling the coils in the slots. Fig. 33 shows an 
armature core partially a.ssembled on the shaft, while Fig. 38 
shows the commutator and the core mounted on the shaft. 

In the slots of the armature, Fig. 38, are placed coils similar 
to those shown in Fig. 39. Here are three coils, wound side by 
side and insulated together, each c*oil having two or three turns. 
The insulation consists of the cotton covering on the Individual 
w'ires, of fuller bpanl partitions between coils, and of a wrapping 
of rope paper, and linen tape. The whole is inipn^gnated with 
insulating vaniish. A set of three assembled and insulated coils 
fills one-half a slot. In winding the armatiiiv with these coils 
forty-one are required, this being the number of slots. One side 
of cac'h coil is laid in the bot- 
tom of a slot, an<l the other 
side of each coil is placed in the 
top of the slot, into which it 
naturally fits. Bands made of 
bronze wire are wound about 
the core to hold the coils in 
place. Ill connecting the coils 
to the commutator the simpli- 
fied diagram of Fig. 40 will be 
found useful. This has, for 
simplicity, but eleven slots, with 
one coil in each, and eleven 
commutator bars, w’hereas the 
motor under discussion has one hundred and twenty-three coils and 
bars. However, the principle is e.xactly the same. In the actual 
motor the three coils in one slot arc titrated as if they occupied 
separate slots in the diagram. 

In Fig. 40 the path of the winding can be followed thus: A 
coil is in the top of slot 1 and in the bottom of slot 4/ another in 
the top of 2 and the bottom of 5 , etc. One terminal of the first 
coil goes to commutator bar 10 , the othcT to 4; the terminals of 
the second coil to 1/ and 6 ; and thus around the core until the 
connections are complete. 

This is a wave winding, and when connected in this way and 
with the brushes placed as shown, there are two parallel paths 



Fig 41). DiiiKrnni of Armntun* WindinK 
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Fig. 41. Commutator Section Bliowing Coostnaction 


usually followed with this kiiul of construction. A cast-iron shell 
has a V-shaped flange at one end. The ends of the bars are 
formed to fit under this flange; tlie other ends fit under a steel 
taijer ring, which is pressed against the bars by a clamping nut. 
The bars are insulated from the bushing and ring by molded 
miea. One end of each bar is slotted for the accommodation of 
the leads from the armature winding. 

The complete armature, with windings and commutator in 
place, is shown in Fig. 42. 
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Brushes and Brush Holders, The brushes for railway motors 
are carbon blocks, 2 inches, more or less, in width, } to } inch in 
thickness, and. 2 inches, more or less, in length. The exact size 
differs with the style of motor. These brushes are mounted radi- 



Fig. 42. Complete Armature with Fan 


ally, or nearly so, and they are pressed against the commutator 
by spring pressure fingers. The brush holder of this motor is 
shown more in detail in Fig. 43. It comprises a brass frame in 
which two bruslies, placed side by side, slide easily. They are 
pressed radially inward by pressure fingers wdiich are pulled 
against the ends of the brushes by adjustable-tension springs. 
The jiressurc fingers may be raised for replacing the brushes by 
means of the bent levers shown. 



Fig. 43. Bnuh Holden 


The brush-holder casting is fastened by means of insulated 
studs to the inside of the motor frame and insulated therefrom by 
means of a porcelain insulator. The lugs by which it is clamped 
to the frame permit radial adjustment of the holder. 


227 




36 


ELECTRIC RAILWAYS 


The armature terminal lugs are cast as part of the brush 
holder so that the current may be conducted away from a point 
as near the commutator as possible. With this arrangement no 
unnecessary Iieat is j)roduced. 

Bearings, The set of four bt^arings is shown in Fig. 32. All 
the busliings are cast-iron cylinders lined with babbitt metal; 
tlicse are supixirted in cast-iron housings. The armature-bearing 
housings have bored seats and arc clamped between tlie two 
halves of the field casting. The axle-l)earing bushings are split; 



Fik 41 CroflM-Soction of Di'arlnff 11 iiibiiiK 


they are supported by liollow extensions from the main frame and 
firmly clam}K*d betw-ecn these and cast-steel axle caps above. 

The bearing housings not only provide support for the bush- 
ings, but also -form chambers for the lubricant. The section of 
one of the bearings of this motor is shown in Fig. 44. A large 
chamber at one side of the bushing is packed with wool waste. 
This becomes saturated with oil, which is poured into the smaller 
chamber to the left of it in the illustration. The side of the 
bushing is cut away to allow the oil-soaked waste to come into 
contact with the shaft, which is thus well lubricated. Surplus oil 
passes into the chamber to the right and spills into the roadway. 
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Fig. 43 Fipld Load ConncotionB 


An important feature of the lubrication is the oil ring which 
is carried on each end of the motor shaft to prevent oil from get- 
ting into the armature winding and the commutator. Such a ring 
is shown to the left of the commutator in Fig. 42. The ring 
revolves in a groove in the bearing housing. As the oil reaches 
this ring it is tlirown outward by centrifugal action and is dis- 
charged outside the frame. 

Leads and Connectors. Four flexible cables are brought 
through the motor case, two each fnim armature and field. The 
cables are rubber covered and protected by an extra braided cover- 
ing and pass through holes bushed with semi-soft rubber. As the 
cables must be disconnected frc'fpiently in everyday u.se, their 
terminals are providwl with connectors by which they may readily 
be coupled to the motor wiring. A pair of these (.‘onnectors is 
shown in Fig. 45. 

iiiisi)enswn. The method of suspend- 
ing this motor may easily be understood 
from an examination of the susjmnsion 
lugs shown in Fig. 31 and of the sus- 
pension bars which fonn parts c^f the trucks. The crossbars are 
bolted to the saspension lugs, the cushioning clt’cct which is nec- 
essary being provided by spring support of the crossbars. 

Gearing. As the speed of the motor shaft is much greater 
than that desired at the car axle, a considerable reduction, by 
means of the spur-gear wheels, is necessary. On the motor axle is 
the forged-steel pinion; this is keyed to the shaft and is held on a 
taixjr fit by means of a nut. The <*nd of the shaft is threaded. 
The taper fit makc's a rigid mounting for the pinion which is 
easily removed. On the ear axle, as already explained, is the cast- 
steel axle gear, usually split for case of removal. The pinion has 
accurately cut teeth to correspond with those of the axle gear. 

Gear Case. To pn)tect the gears from dirt, they are sur- 
rounded by a malleable-iron box, mounted seeiu^ly on the motor 
frame. Lugs are provided on the frame for the purpose. The 
gear case is made in two parts, as otherwise it would be impossi- 
able to put it in position. While the motor which is being studied 
has a cast case, it should be noted that cases made of sheet iron 
are coming into favor because there is considerable breakage of 
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the cast cases. The malleable-iron cases are, however, standard 
practice at present. 

Operating Characteristics. As the name implies, the armature 
and field circuits of the series motor are connected in series, conse- 
quently the same current flows in both. As a result of this con- 
nection the spccnl, torque, and current n'lations are different from 
tlio.se ill other types of motor. The relations of these quantities 
are shown in Fig. 4(5. In these curves the c'uircMit values are 



Fik Seriuii-Motiir Cliarai-tiTibtK* Cii*-vos 

given as abscissae, and the torque, r.p.m., and efficiency values as 
onlinates. 

Take, for example, the curve between torque and current. 
The curve shows that the torque increases with the current, 
being nearly proportional to it. This torque is proportional to the 
strength of tlie field and to the current with a given number of 
armature inductors. If there were no saturation in the magnetic 
field, the torque would, therefore, be proportional to the .square of 
the current; but there is a great deal of saturation, especially in the 
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armature teeth, hence the torque curve does not bend upward 
very much. 

The speed of a given motor armature is proportional to the 
strength of the field and to the applied e.m.f., neglecting the e.m.f. 
drop in the armature and field resistance. It is necessary for the 
armature, by the cutting of the inductors across the field, to pro- 
duce a counter-t'.m.f. equal to the impressed e.m.f. (neglecting, as 
stated, the resistance dnip). nicn'fori', in a weak field the arma- 
ture runs faster, and in a strong field, slower. This is clearly 
bn)uglit out in the curves, where it will be noted that a small 
value of curnMit — <»r weak field, as the same currtMit flows in the 
field circuit as in the annatun* circuit-- corresponds to high speed, 
and vice versa. 

ErtiMplv. A 2(Mon «ir is pqiiipprcl with two inotofs 1« which thi* 
curves of Fik- 46 ap])ly. The motors are so Ko-arf'd to the ear axles that the 



latter nm slower by the ratio 1: 1.0(5. The ear wheel is 315 inches in ciiiiineter. 
Assume tliiil. it re(iiiires 20 pnumls per ton, ap]>Iie(l aloiiK the clin'ction of 
motion, t<» overcome frictifai. Jh'termiuc with flic aiil of the ciirvcd the 
following items: (a) At wliat siat'd vrill the ear mount a 6-por cent grade? 
(b) How much eurn’iit wall it draw from the line while climbing this grade? 
let How iiiuch liieehanic-al jxiwer will '^nch motor develop? (d) Uow much 
idl'd rical power will each iiiobir take? ('Hio voltage for which the speed 
curve was derivixl is 500.) (c) Whiit k the eflieieney of the motors? 

(a) and (b) In Fig. 47 is represented the ear on the grade. To pull 
it up the graile will reejuire a force made up of two rximponents: (1) that 
ri'iiuireil to overcome friction; and (2) tliat required to lift the car. The 
former is 20 pounds per ton, or 400 pounds. The latter is 5 per cent* of 
the weight of tho car, or 2000 pounds. The total force required is 2400 
pounds, which* is independent of the speed, the friction being assumed con- 
stant. This force is produced by two motors, hence each must produce one- 

* For convenience it ie ruHtoma>y to define the per cent grade of a track aa the ratio of 
the lift to tho distance traveled, or the sine of the angle A, multiplied by 100. The par cent of 
grade is the ratio of rise to horisontal distance traveled. 
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half. To use the curves requires the transfer of this force to terms of torque. 
Each motor must deliver at the whtK'l tread a tractive effort of 1200 pounds. 
Therefore 

16.5 

Axle torque**— XI 200* IfwO Ih. ft. 

1a 

nr pounds at 1 foot radius. The motor toniiic is less than this — as the motor 
shaft runs faster than the ear axle by the ratio of the miiubor of gear teeth 
to pinion twth — ^by the gear ratio. Or 

Motor torque = Ih. ft. 


From the ciures this torque is seen to corrt'simud to SO amperes per motor, 
or 160 amperes for the ear, aiul this number of aniperes eorresponds to 
588 r.p.m. 

To find the miles per hour from the r p m., note that »me motor-shaft 
revolution corresponds to ----revolution of the ear axle. .\h the whe(‘l is .'?3 
33 . . 

inches, or — - feet, in diaineter, one n*v.)lutiou t)f the wheel julvane(‘s t.h(‘ ear 

1a 

33 

-^X3.1416, or 8.65 h'et (3.1416 is the ratio of the eireumfiTenee of a circle 
1 2 

to its diameter). One revolution of the motor armature then advauei's the 
3 65 

car or 2.13 feet. .4s tin* motor armature makes 588 r.p.m. in this ease, 
4.1)0 

the correspoudinR rate tif car travel is 


Speed =2. 13X588= 12.52 feet per minutn 

then 

60 

Miles per hour = 1 2.52 X *14.2 

Au8. 160 ampcjjes 

14.2 miles per hour 

(c) The mechanical power prislucotl by oath motor w the product of 
the speed of a point on the torque circle— tliiit is, of 'i circle of 1 'oot radius 
— and the torque. Remembering that 1 meehanical borsnpower (tu.hp.) is 
33,000 foot pounds per miiiuln 


588X2X3.1 J 16X406.5 ' ^ 

„j.p. 45.5 

Ans. 45.5 m.hp. 

(d) The electrical power input in watts is the product of volts and 
amperes, or 

Watts *500 X80 * 40000 

As 746 watts equal 1 electrical horsepower (e.hp.) the input in this unit is 


e.hp. 


40000 

746 


-53.7 


Ana. 53.7 e.hp. 
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TABLE III 


Motor Efficiencies for Different Track Qrades 


Cirnilii 

Tnn'Uve 
EfTnrt per 
Motor 

Toniiip 

Purrrnt 

SpEfsn 

R r .M ! M.P II 

EffifiioiMgr 

1 pcT cent 

400 

13.).h 


82!) 

20.0 

82.0 per cent 

2 per cent 

600 

201.6 

50.0 

737 

17.8 

83.5 per cent 

3 per cent 

MX) 1 

1 271.0 

60..'i 

673 

16.3 

85.0 cent 

5 per e.eiit 

12(X) 

406. fi 

80.0 

r>s8 

14.2 

85.0 i)er t;ejit 

10 per cent. 

2200 1 

1 746.0 

128.0 

4!)7 

12 0 

81.5 per cent 


(oj Tlu* ofTicienny is the ratio of output to input, in this case of m.hp. 
to e.hp. This is usually reftirrcHl to in ]ht cent, so that the rutiit must be 
multiplied by 1(X). Then 

Lfhcicncy = - - XlOO=tS.') per rent , 

00.7 

Ann. 85 per cent 

The student should, for jiractkr, niakc corrt'sponding calcula- 
tions for other grades, say for 1 per cent, 2 ixt cent, 3 per cent, 
10 iXT cent. The answers for these grades are given in Table III. 
I'he same principle can be a])plie(l to levtd track, that Ls, zero- 
cent grade. It is interesting to note that a car equipped with per 
scM'ics motors climbs sto(*p grades slowly and hence does not 
ivcpiire as much power from the line as would be neces.sary with 
constaiit-s]K’ed motors of the shunt type. As has been pointed 
out, this is due to the stronger field wlii(;li is produced at slow 
sjXH'ds by the large curriMits. 

Coinmrrcial Motor ('iirrv.i. In making (‘alculations of series- 
motor pcrfonnancc it is very convenient to have the charac;teristic 
motor curves in terms of current, horizontal or tractive effort, and 
car spc*cd; this is possible for given wheel diameter and gear ratio. 
There must, obviously, be a diffei'ent set of curves if either of 
these is changed. In the bulletins of the manufacturing compan- 
ies there are usually given several sets of curves for each motor 
with the usual gear ratios and wheel diameters. From the data 
and illustrations already given the sturlent should have no diffi- 
culty in plotting a set of cur\'es for given wheel diameter and gear 
ratio if he has the motor torque and speed curves. He should also, 
given a set of commercial curves, be able to change them to 
curves for other wheel diameters and gear ratios^ 
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A set of curves in the ordinary form is given in Fig. 48. 
Here the speed curve is plotted in miles per hour, instead of 
revolutions per minute, and the motor torque is transformed into 



AMP£R£5 

Fig. 48. Characteriatie Curves of Westinghouse Railway Motor 

tractive effort. This set of curves includes the effect of the gear 
friction, which in the previous problems was assumed to be 
included in the allowance for mechanical friction (20 pounds per 
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ton). The gears are seen to lower the efficiency about 4 per cent. 
As the gears are not really a part of the motor, the loss in them 
is not chargeable against the motor; on the other hand, as gears 
are almost invariably used with motors, it is necessary to know 
whether or not the efficiency curves as given include gear friction. 

Motor Heating. The output of a railway motor, like that of 
other electrical apparatus, is detennined by the allowable heating. 
A rise of temperature fnun 50® to 75® C. above the atmosphere is 
all that can be allowed. The heating is caused mainly by the 
power loss in the resistance of the windings and by tlic hysteresis 
loss in the armature core. Small losses also occur owing to brasli 
and bearing friction. A curve plotted between amperes and the 
length of time during which this current may be safely carried is 
shown in Fig. 48. The heading of the curves states that the 
motor may operate continuously at 30 amperes and 3(M) volts or 
at 28 amperes and 400 volts. According to the curves, if the 
average load is such as to draw 50 amperes, tlie motor will heat 
up from 25 degrees to the limiting tcm]>eruturc in IJO minutes or 
fnim 75 degrees in 23 minutes. It must be allowed to cool down 
before it can be used again. If the current drawn l)e greater, the 
time is more than projmrtionately mluced, because tlie heating 
Io.ss vuri<*s as the square of the current. A casual inspection of 
the curves w'ould indicate that a raiJw'ay motor would in a short 
time become so hot that it would have to be set aside to cool. 
Fortunately, however, the ordinary railw'ay load is of a very 
intermittent nature, so that there is opportunity for cooling at 
very frequent intervals. 

Another point requiring explanation is that the continuous 
capacity is stated at 30 amperes at 3(X) volts and 28 amperes at 
400 volts. WTiy these voltages when the motor is a 500-volt 
motor, and why a different allowable current for each of the 
two voltages? It has been noted in the study of motor control 
that in actual operation motors are subjected to various voltages 
depending upon the connections and the resistance in series. The 
average voltage is, therefore, always less than the maximum, and 
may be much less when tlie motors are run a great deal in series. 
The heating of the motor depends upon the voltage as well as the 
current, for the reason that the voltage depends upon the speed, 
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other things being equal. If the voltage and speed are low, the 
flux in the armature core reverses less frequently and, therefore, 
produces little hysteresis loss, and vuk; versa. 

On account of the intermittent nature of the load on a rail- 
way motor, it is not possible to select motors for a given equip- 
ment on the basis of heating with continuous load. Such selection 
can be based only on experience. 

^peed Control. The principle of si)e(d control of any constant- 
potential motor is that the armature iiidiic'tors, by their motion 
through the* field flux, iiroduce an e.m.f. equal to the voltage 
a]>plied to the brushes less the voltage dro]) in the resistance of 
the motor. 

Example. If u nuitor h;is \ ohm rosistaiiLr, what will bo ita cniiiitor- 
e.in.f. wlien operating at. .5(H) voKh aud drawhiK .50 amporos from the line? 

The voltage <lrop in rosistunoc 50X0.5, or 25 volta. The coimtor- 
p.m.f. is, therefore, 5(K)— 25, or 475 'olts. The armature must rotate at. 
such a speed as to generate 475 volts with this value of current. 

Ans. 475 volts 


Keeping this fundamental principle in mind, it follows that 
if any factor of the counter-e.m.f. be varied there will be a cor- 
responding variation in s])eecl. These factors arc shown in the 
formula for the e.m.f. in a motor armature circuit 


wherein e equals coimtcr-e.m.f. of motor in volts; N equals 
number of armature inductors in series between brushes, $ equals 
flux under one pole in lines of force; -p equal- number of pairs of 


f>0 

poles; t equals time of one revolution in seconds, or ^ 


equals applied e.m.f. in volts; I equals current in amperes; and R 
equals armature and field resistance in ohms. 

The quantities in this formula which can be conveniently 
varied are the applied voltage E and the field flux In modern 
practice the inethod of varying the applied voltage is the only one 
used. The two plans formerly cmployeil to vary the field flux 
w'ith a given current in the motor were as follows: to change the 
number of field turns; and to shunt the field circuit with a resist- 
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ance circuit to deflect part of the current. Both these methods 
have been abandoned for the simpler plan of changing the e.m.f. 

One method of varying the e.m.f. used in modem control 
systems is to insert resistance in the main circuit and thus cut 
down the voltage at the motor temiinals; this plan is used only in 
starting as it is wasteful of pow«*r. Another method is to coii- 
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nect the motors first in series ami then in parallel; when the 
motors are in scries, the line voltage is divided lietwcen them. 

The connections which are made by the contndler in starting 
and in running are given in Fig. 49. At the left are given the 
positions of the controller handle corresponding to the different 
connections; next is shown the starting resistance; then the arma- 
tures and the fields of the two motors. The connections on the 
different points are as follows: 

(1) StHrting resistance in series with the motors, which are connected 
in series. 
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(2) Same aa (1), but with part of the starting resistance short-circuited. 

(3) , (4), and (5) Same as (1) and (2), but with more resistance short- 
circuited on each (Miint. 

(6) Motors in series. This is the slow-spced running position, each 
motor having one-half the line voltage. 

(7) Motors in parallel with starting resistance. 

(8) , (0), and (10) Same aa (7), but with more resistance cut out on 
each step. 

(11) Motors in parallel. This is the full-speed running position. 

The two running positions (6) and (11) are in this case the 
only ones in which the controller should be operated continuously 
as it is not only incfTicicnt to w^aste power in resistance, but the 
resistance grids t.re not made with sufTicient carrying capacity to 
stand the motor current for more time than is nectissary to bring 
the car up to speed. 

Kj.nmpU‘s. 1. The 20-ton car U'lcd in the example on page 30, while 
eliiiibing the 5-per cent grtule, has its motors connected in series. If the 
resistance of each motor is 0.3 ohm, what spi'cd will the car now make'? 

The n^quiffd horizontal effort, which hius bi'cm aasiimcfl independent of 
si)ce<l, is the same aa b<‘forc, 2t(X) pounds, or 1200 pounds i)er motor. Each 
motor now g(‘ta 230 volts, and in onlcr to produce' the siimc torque tlu' 
current in each motor must be the siiine ns bcfoie, 80 amperes. The voltage 
drop in resi.stanee in each motor is 80X0.3, or 24 volts, so that the counter- 
e.m.f. is 250 — 24, or 226 volts. The count er-e.m.f. of each motor on full 
line voltage is 5(K)— 21, or 476 volts. As all other quantities are the same 
ns before, the specnl is pro|X)rtional to the counter-e.m.f. The new speed is 
then-fore 

226 

Miles per hour * 14.2 X -- =6.76 
476 

which is slightly less than onc-h:ilf the former speed. 

An*. 6.75 miles per hour 

2. What will be the speed of the car if, while the motors iirr in parallel, 

H resistance of 2 ohms is coniiecled in serira with them? 

The eurn’iit per motor is as behire. tlie total current being (60 amperca 
Tliis current flowing through 2 ohms produces a drop of 320 volts. The 
motor voltage is, therefore, 500—320, or 180. The motor counter-c.m.f. h, 
180—80X0.3, or 156 volts. The new speed is 

Miles per hour* 14.2 x j^^= 12.3 

Ana. 12.3 miles per hour 

Connectwns in Fmr-Motor Equipments. Double-truck cars 
ordinarily have four motors. In this case the principle of con- 
nection is the same, but the pair of motors on each truck is 
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treated like each of the two motors in the car just descril)ed. 
Kig. 50 shows tlie series, or half-speed, connections, and Fig. 51 
the parallel, or full-si)eed, 

“XD^nnnr" 


X>nnnr 


L— /O'Tnnj 

Fig 50 Moton in Sprien-Parallcl 


connections. The interme- 
diate resistance positions 
are as before. 

Reverml of Direction 
of M otnr Rotation. Revers- 
ing the direction of the flow 
of current through a motor will not reverse tlie tlin*etion of rota- 
tion, because the field current and the armature current reverse 
at the same time. It is nccessjiry to cliange the direction of 
the cunviit either in the field 
or tlie armature by reversing 
the termiiials of one or the other. 

The way in which this is accom- 
plislied will be explained in con- 
nection with the sections on ' 

Controllers. F>k si. Motem in Pnmllel 



SINGLE-PHASE ALTERNATINQ-CURRIENT MOTOR 

Extent of Use. There arc a numlier of railways in the United 
States employing a.c. motors, but for several reasons single-phase 
motors arc not now recommended for city and interurban sys- 
tems. One of these reasons is the dcvelojaneiit f»f the 12(K>- and 
15(Xl-volt d.c. equipment, w’liieh is eminently suited to operation 
at the higher voltages for interurban running and at 600 volts 
over city lines. One of the disadvantages of a.c. o])eration is 
found in the complications necessary to (‘liable single-phase ears to 
operate in cities over the 600-volt local lines. The field of the 
u.c. mtitor car, therefore, seems to be limited to operation on 
electrified divisions of steam railroads, where they are not required 
to operate on direct current. Examples of this type of eejuip- 
ment are found on the Paoli division of tla; Pennsylvania Rail- 
road and the New Canaan branch of the New York, New Haven 
and Hartford Railroad. 

Comparison of D.C. and A.C. Motors. The series a.c. motor 
has characteristics similar to the series d.c. motor, since the direct 
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tion of rotation of a series motor is independent of the direction 
of the current, and the d.c. motor will operate when single-phase 
alternating current is impressed on the commutator. Several 
important modifications, however, are necessary in order to adapt 
the series motor to a.c. service. 

Necessaiy Modifications in Motor. Rednctioji of Reactance. 
The number of turns must be made as small as possible in order 
to reduce; the reuetanee of the coil to the minimum amount. The 
effect of this is to reduce the flux under the poles if all other con- 
ditions remain the same. To reduce the effect of the weak field 
magnetomotive force (in.m.f.), the air gap is made as short as is 
practicable, thus rt^lucing the reluctance of the magnetic cintuit. 

Increase of Armature Turn/t. To pnxluce the mressary torque 
requires more armature inductors in a weak field than in a stn)iig 
one, the torque being proportional to both the flux and the nuin- 
ber of inductors (the current rt‘i:iaining the same). The arma- 
tures of scries a.c. motors have, therefore, more ampere turns, or 
m.m.f., than those of d.c. motors; in fact, they are several times 
as strong. This m.m.f., if not corrected, would distort the field 
badly and prod ne'e sparking. The device for neutralizing the 
armature is, therefore, essential. 

Neutrallzaiion of Armature M.M.F. Surrounding the arma- 
ture and carried by the field magnet is a winding nearly similar 
to that of the armature, carrying the same current — ^the t^ro 
being coniieetwl in scries — in an opposite direction. The m.m.f. 
of this winding is slightly greater than that of the armature for 
the following ])ur{)oses: first ^ neutraliziiig the arinaturt' m.m.f.; 
and sectmd, producing a field in which commutation can gr) on 
satisfactoril^\'. 

Increase in Number of Poles. As the poles are weakened by 
the reduction in the number of turns on each, it is desirable to 
have as many as possible consistent with good mechanical and 
electrical design. The number of poles is, therefore, always 
greater in a.c. series motors, than in d.c. motors, the latter almost 
invariably having four poles. 

Use of Laminated Field Cores. As the flux in the field of the 
motor is alternating, it is necessary to use laminated iron in all 
porta of the field structure which carry the flux. If this were not 
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done, there would be a great waste of power in eddy currents, 
which would also heat the motor. 

Use of High-Resistance Commutator Leads. A difficulty not 
yet mentioned, and one of the most serious of all, is due to the 
fact that the coils which are, for a short time, short-circuited by 
the bnishes are in an alternating field. They act as would the 
secondary’' of a transformer if sliort-circuited for the same length of 
time. As it is necessary to short-circuit the coils at the time of 
reversal of the current under the brushes, the “transformer’* short- 
circuit current cannot be entirely eliminatcil by any convenient 
plan. The practice in this country at present is to insert high- 
resistance conductors, or lends, between tlie (‘oinimitator burs and 
the coil. In Fig. 52 bars h, c, and d are shown connected by the 
brush and the corresponding coils short-circuited. Current flows 
in these coils by “transformer” action, as 
explained, passing through the high- 
resistance leads, which keep the current 
down to a value which will not over- 
heat the winding. The high-resistance 
leads are in action only while the coils 
are under the brush, no current, in this 
case, pa.ssing out through bars b and c. 

Use of JjOw Motor Voltage. The e.in.f. at the motor terminals 
in series a.c. motors is about one-half that used in d.c. motors. 
This practice follows from the considerations already mentioned. 
A large counter-e.m.f. can be prodmed cither in a strong field, or 
by many annature imluctors, or both. As has been shown, the 
field must be weak, and while the armature inductors are numer- 
ous, it wr>uld be difficult to use enough to enable the motor to 
generate 500 or 600 ^olts. Tiie voltage is, therefore, stepped 
down by means of transformers on the cars. This permits the use 
of high trolley voltages, which may be as high as 11,000 or more 
if desired. 

Frequency. As frequency is one of the factors of reactance, 
the lower the frequency the better. The frequency is, therefore, 
made as low as possible, the limit being fixed by other parts of 
the system, such as the transformers and the generating appa* 
ratus. 


mrcrw 

cam/rm 



atusM 




Fie. ,'S2. Uieh-Rcnstance Com- 
niuwtor Leads 
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CONTROLLERS 

Classification. After the principles of series-motor control are 
mastered p the student is in a position to study the construction of 
control equipment. The duty of the controller is to make the 
connections called for in the wiring diagrams without injurious 
sparking at the (xmtrollcr contacts. There are two general forms 
of coiitroller in use, namely, the cylinder and the imiltiple-unit 
tjpes. 

The cylinder, or platform, type of controller is used on cars 
of small or moderate size, when operated singly or with nonmotor 
trailers. In some special cases K, or cylinder, controllers have 
been used to operate motors on two cars coupled together. 

In the multiple-unit tyjie the motorman makes connections in 
an auxiliary circuit, thus eifccting indirectly the operation of the 
main motor circuits. In Sprague-Ocneral Electric tyi)c M control, 
these mu ill-circuit switches are oiH*rated by solenoids; in t>T)e JH' 
the main motor controller is operated by means of an air-operated 
niagnet valve and air cylinder. In the Westinghouse type IlL 
the individual cfuitactors, instead of being operated by solenoids, 
as in type M, are actuatc^d by air cylinders and pistons cx)nt rolled 
by electromagnetic valves. 

CYLINDER CONTROLLER 

Parts. A t^-pical controllcT of the platform t.>'pe is shown in 
Fig. 53. The principal jmrts arc as follows: main cylinder, i*on- 
tact fingers, partitions, magnetic blow-outs, reversing cylinder, 

- and enclosing case. 

Main Cylinder. The main cylinder (in the center) consists of 
an iron drum insulated fniiii the shaft and fitted wnth copper 
conta(*t segments. The drum is made up of several sections 
insulated from each other and is rotated by tlie main controller 
handle. At the top of the drum is a notched wheel, w'hich 
rotates against a roller held against it by a strong spring. The 
notches in this wheel coincide wdth the operating points and this 
prevents stopping on half-way points, which might cause arcing at 
tlie contacts. 

Con1a4St Fingers. The contact fingers are just at the left of 
the cylinder. These fingers are pressed against the cylinder con- 
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tacts by strong springs, and when the arc chutes are swung back 
into position, the fingers and contacts are enclosed in an arc- 
resisting box and a strong magnetic field acts to reduce arcing at 
contacts. Individual blow-outs and coils are used, the coils 
being showm between the fingers and the arc chutes, Fig. 54. 

Partitions. The purpose of the set of partitions of asbestos 
luinber, shown next to the controller cover in Fig. 5.3, is to prevent 
the arcs from jumping from one segment to another. 



FiV M. Gciii'ral Klwliii Tyjji* K roiitroIIiT 

m 

Magnetic Blou^Outs. 'I'he inugnt'tic blow-outs around each 
main finger or group of lingers arc so located that the arc is 
bknvn in an outward direction. A magnetic field produces a 
powerful mechanical force on an arc, just as on any other con- 
ductor and instantly ruptures the arc. The magnetic blow-out 
construction is given in detail in Fig. 54. The coil is at the 
extreme right, while the magnetic pole piece is in the asbestos 
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insulation surrounding the finger; in the illustration the insulating 
cover is broken away to show the construction. 



Fig. 64. Detail of Magnetio Dlow<Out 

Rmrdng Cylinder. A reversing cylinder is at the riglit of the 
main cylinder, Fig. 53. This is a wooden drum with segments 
for reversing the motor-armature or field circuits to change the 
direction of rotation of the motors. This cylinder is mechanically 
interlocked with the main cylinder to prevent improper operation. 



Enclosing Case. The hardwood asbestos-lined enclosing case 
may be easily removed for inspection. 
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Operation* In the operation of the controller the handle is 
rotated, bringing various segments lyidcr the contact fingers. 
Fig. 55 shows the connections in position 1, the contact fingers 



being represented by small circles. The cylinder is represented as 
if cut and laid out flat, or in the tennis used in drawing it is 
developed. Segments A to K are nr>t insulated from the drum, 
hence tliey are connected together l\^' it. In this position the 
route of the current is as follows: trolle\' to segment A; through 
segment B and wire R to resistance; through motor No. 1 to 
wire E; through insulated but connected segments 0 and M; 
through wire 16; through motor No. 2 to ground. 

In .successive j)ositions of the controller handle the resistance 
is gradually cut out, then th" motor connc'ctions are changed to 



fig 57. F<irwanl Ptwition of Rerv'emo 


parallel with resistance in series, next this resistance is gradtully 
cut out, until finally the full parallel position shown in Fig. 56 is 
reached. 
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The details of the reverser connections are shown diagram- 
matically in Fig. 57, which rei)rescnts the development of the 
reversing cylinder. The field coils and armatures of the two 
motors are shown at the left, and to the right are two sets of 
copper segments. In the forward position. Fig. 57, the arrows 
show the direction of the current, right and left alternately, 
beginning at the bottom. In the reverse position, Fig. 58, the 
current is rt'versed in both armatures, remaining in the same 
direction in the field circuits. 



Explanation of Control Circuits. The student can obtain 
practice in rending wiring diagrams by a study of Fig. 50, which 
is a copy of one of the blueprints furnished with motor equipments 
and is explained in detail in the following paragraphs. The cables 

are canvas-covered bundles 


of win*s corresfM)nding to 
those shown connected to 
the controller fingers. Fig. 60. 

Thet>q)e K-35 controller 
to be used with four motors, 
Fig. 50, is made up of four 
separate contact sections 
assembled on the shaft and 
insulated from each other. The top section has contacts for 
five fingers; the second, three fingers; the third, foiur fingers; 
and the lowest, two fingers. The contact rings of each sec- 
tion, being a part of the same casting, are electrically inters 
connected. 


t— 



FiK <18 Rf’vcnip Position of nc>\ 


Serivu Chrnnh. Startiiip wilh controlU'r ATo. J, i»s8urap tho liandlc tiimeri 
to tho first. p«jiiil. Current piisMt^ fn>in tho trolley to terinui.'i]H 7T, to con- 
troller cylinder, to terminal 7^4 iliruuKh ri'sistnnees It.t, IfJ, and Rl to 
terminal Rl, to eyliiuler, to terminal -f i, to culout-switeh termuml A1--A4, 
to motor terminal .1/, tlirough armature of No. 1 motor to tcTminAl AAl. to 
revenw* cylinder, to contact AAl (forvi'ard position), to terminal Fl, to field 
terminal Fl, through motor field to FFl, to terminal FFl, to terminal — 
to cutout switch. 

Siinilarh. current passe's in a lairnllcl path' from terminal +1 to 
through armature of No. .? motor to reverse cylinder A A3, to F3, through 
field of motor No. 3 to terminal FFS, and to terminal —7 on cutout switcli. 

Current passes from cutout-switch terminal R7 to resistances R7, RO, 
R6, to controller terminal R6, to terminal +2, to cutout switch. From this 
point there are parallel paths, as in the first group, through the annature and 
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Fig. 09. Wiring Diagram for Sprague-General Electric Automatic Control 
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fields of motors No. S and No. kt both circuits pitssinK from icrminalH FFi 
and FFk to ground. 

On controller positions iS, At &nd 5, resistance is cut out, so that the 
two pairs of motors are operating in series without n’slstanec on position 6, or 
first rumiing point. This may be moi% clearly seen in the simplifitnl diagram 
in the top center of Fig. 59. 

Trawnlion. Transition is the preparatory step to passing frffin siTics to 
parallel position. This takes place between controller points 6 and d. Current 
momentarily passes through iiaitors No. 1 and No. S to Ii7. Hero it divides, 
one path being through Ji7, RG^ and R5 to ground and the other through 
motors No. Si and No. j{ to ground. This eumu>etion insures continuous torque 
during the change of eonnecit ions from serii>s to painlU‘1. 

Parallel CirduiUs. On controller point 6 current passes frtwn T to +i, to 
cutout switch, to Al and Ad, through motors No. t and So. J in imrallol t-o 
R7f RG, and Ro, and to ground. A tiarallel circuit is completed on this point 
from 7' to R^ through resistances R2, R-f, and Ri through terminal 
thence to motors No. J and No. 4 in parallel to ground. 

Position 7 cuts out a portion of the rt'sistunce in series witli (‘ueh pair of 
motors, an<l position H cuts out the remaiiiclcr. Position 8 is^the sc'cund run- 
ning position, the four inotors running in parallel without resistniice. 

Reverxe. When the reverse cylinder is thrown to Reverse, the direction 
of ciunmt through the motor fields is rcversiHl, thus changing the direction f>f 
rotation of the motors. 

Transition. TjT>e K controllers effect the chaiif?c from series 
to parallel eoiiiiectious of motors without cutting off power from 
both motors on a two-?notor ccpiipmcnt or both pairs of motors 
on a four-motor equipment, thus permitting u smooth acci^lcration. 

With controllers for small motors the transfer of connections 
from series to parallel is effected by the K method, which consists 
of first grounding the low side of the first motor or pair of motors 
and opening tlie circuit of the second motor or pair and then 
connecting the second motor or pair in parallel with the first. 

With larger controllers the brifige method of transfer was 
originally used. This method, however, has l)een superseded by 
the T, or shunt-resistance, mctlioil, which gives substantially the 
same smoothness as the bridge method and with far less burning 
of the contacts. It has, therefore, been adopted for large K 
controllers, as well as for Sprague-General Electric multiple-unit 
control. Diagrams showing the steps in transition in the K and 
T methods are given in Fig. 61. 

MULTIPLE-UNIT CONTROLLER 

Multiple-Unit vs. Manual Controller. The multiple-unit con- 
troller differs from the manual controller in that the motor con- 


249 



38 


ELECTRIC RAILWAYS 


nectioiis as shown in the diagrams are made by circuit-breakers 
which can open circuits carrying very heavy currents. A second 
very important feature of this system, as the name indicates, is 
the operation of all of the motors in a train from one point. A 




















/trjt />/af//rt' 






Hiiuill Drum (%iiitro1Ioni 

Fik «I. 


Ldtrc Drum CoutroUpn 
TraiiHition C’oiixipctiuni* 


thirtl advantage is the ease w'ith which the accelerating current, 
which is always much larger than the rnriiiiiig current, can be 
limited. The principal systems of control in use in thi'^ country 
are dcscribwl in the following jaiges. 

Sprague-Qeneral Electric Type M Control 

Extent of Use. The origiiuil multiple-unit control* system 
known as the Sprague-General Electric type M has been used for 
many years, and consequently there are large numbers of these 
equipments in operation. It is therefore important that the 
student familiarize himself w'ith the fundamental prineiples of the 
operation of the system. It should be noted, however, that in 
recent years the General Electric Company has made a most 
thorough study of control equipments for single-car and train 
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operation and as a result has developed what is known as t^x* 
PC control, which embodies all the operating capabilities of type 
M and avoids former troubles due to improper functioning of 
independently operated contactors; interlocks on individual con- 
tactors; avoids complicated control circuits; reduces weight; and 
contains many mechanical improvements. Because of these 
advantages and because it can perform the same duties as type 
M, PC control now practically supersedes type M except for 
heavy locomotive equipments and a few special easels. The cam- 
operated type', as PC is called, can be used in the same train 
with type M optTating from the same master controller. 

General Description. In the manual controller the contacts 
are made iK^tweeii contact fingers and segments on the drum. 
Each finger and its accompanying segment constitute a switch 
which is opened and closed by the rotation of the controller 
handle. The controller illustratcKl in Fig. 5.S contains eleven sucli 
switcJies. If these simple and crude switches are rcplaw»d by 
modern circuit-breakers, operated by solenoids carrying small con- 
trol curnMits, there results one of the essential features of the 
Sprague-(jeneral Electric type M control. Befort? taking up a 
study of the circuits in this system, it is desirable to bcicome 
acquainted with the appearance and tlie purpose of each of the 
comixnicnt pieces of the equipment. Reference to Fig. 60, regard- 
less of tile wiring, shows that the devices describcfl in the following 
paragraphs arc userl. 

Contactors. The circuit-breakers in the form esiiecially devel- 
opeil for traction work are called contactors. Such a contactor is 
shown in Figs. 62 and 62. It consists of a coil of fine w'irc sur- 
rounding a movable ])lunger and capable of exerting a powerful 
pull thereon. The lower end of the plunger is attached to a 
switch arm, on the end of which is a copper contact finger which 
is one end of the circuit. When the solenoid is energized, the 
contact piece is pulled into firm ctnitact with a stationary finger 
which forms the other terminal of the circuit, and the main circuit 
is thus closed. When no current flows in the coil, a spring 
restores the switch arm to its origiiud position, thus opening the 
main switch. The circuit-breaking contacts are enclosed in a 
chamber of fire-resisting material of the form shown, thus confin- 
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ing the burning action o{ the arc to the renewable contact fingers. 
The arc is extinguished by the magnetic blow-out principle 
already described. A small coil is located just above the contact 
fingers but separated from them by a firt'proof partition. This 
coil is horizontal, and it lies just back of the terminal block 
shown ill Fig. 615. Its poles are extended by two iron strips, one 
on each side of the fireproof chamber. One of these pole strips 
apjx*ars in the illustration. The magnetic blow-out field exists 
lK*tween the two poles in a horizontal direction. The several con- 
tactors comprising the equipment of a 
car are placed in a sheet-iron box, which 
is iK*cf‘ssibly located under the car, Fig. 64. 


FIk. 6^1. KprutiUi-^if’iUTal I'lortiii ( 

DiaRruiii 

Interlocks, or Auxiliary Contacts. It will be noted that 
above several of the contactors in Fig. 60 are located small 
auxiliary contacts in the control circuit. These are operated by 
the motion of the contactor, as showm diagrammatically in 
Fig. 65, and correspond to the interlocks on contactor The 
auxiliary contact switch consists of the stationary terminals and a 
movable stem attached at one end to the contactor lever. The 
stem carries one or more insulated copper intact disks. In 
Fig. 65 the contactor is shown open and auxiliary circuit 1 
closed. When the contactor closes by means of the current sent 




Fitf. 62. Bpraguv-Gcncral Electrie 
Contactor 
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through its operating coil, auxiliary circuit 1 is opened and 2 is 
closed. In this manner any number of aiixiliar\* eircuits can be 
controlled. 



I'Me. Cl. Group of Sprui'iie-Gcncral EIcctriu Unil Switchrs 

Control-Circuit Cutout Switch. The control-circuit cutout 
switch is a simple (yliiidrieal switch with a row of segments and 
contact fingers. The rotation of this cylinder opens and closes all 
the control ein*uits at one time. 

Main Circuit-Breaker. The main circuit-breaker is a modifi- 
cation of the type used on station switchboards. In the latter 
there is a switch opened by a 
spring, the contacts being lo- 
cated in a blow-out field. The 
switch is held closed by a 
trigger, whii-li is trippi'd by a 
solenoid carrying all or ))art of 
the line ciim'iit. The circuit- 
breaker may Ik* closed by hand. 

In tlie ear eircuit-hreaker 
showm diagrammatically in 
Fig. 60, the setting of the 

switch is done by means of Dia^rum .>f Spra«u^;eneral Elr-ctno 

a solenoid, represented verti- interlock 

cally. The breaker may be tripped either by the lieavy-wire hori- 
zontal coil in the main circuit or by the fine-wire horizontal coil 
in the control circuit. The left-hand heavy-wire horizontal coil 
furnishes the magnetic blow-out field. 


AwniApy 

COHrATfO 
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Reverser. The reversing cylinder of the manual controller is 
replaced by a device known as the reverser, Fig. 66, which 
operates on exactly the same principle. The difference Ls that, 
whereas the cylinder is rotated by hand, the reverser is rocked by 
two solenoids, one acting in each direction. 

Master G>ntroHer. The current for operating the contactors 
comes from the tndley wire and is distributed to the several 
solenoids at the proper instants through a master controller 
similar to that illustrated in Fig. 67. This contains a drum 
similar in amstruetion to the main drum of a cylinder controller, 
but much smaller in diameter as the currents to be carried are 



Fig. 66. Front and Back View of BpraRue-Gcnernl Electric Reverser 

small. The segments and contact fingers are of the standard 
form. This master controller operates the contactors and the 
rt'versers. 

Train Line. The control current is carried in a bundle of 
wires or cables known as the train line because it passes from one 
motor car to another, connecting all the switch groups or sets of 
contactors in the train. The train line terminates at each end of 
each car in coupler sockets, which are bridged across between cars 
by fiexible couplers. 

Nonautoinatic Control. The vital features of the nonauto- 
matic multiple-unit control are not essentially different from those 
of the cylinder control. If the student will keep thb fact clearly 
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in mind and will remember that the rather considerable number 
of wires which he sees in the diagram belong mostly to the control 
circuits, he should not find any great difficulty in following the 
connections. The connections will be followed step by step, for 
in no other way can the diagram teach the lessons which should 
be learned from it. 

Motor Circuits, In Fig. 60 the control circuits are shown 
by light lines, and the motor dreuits by heavy lines. The 
twelve contactors are shown in a row 
in the lower part of the diagram and 
numbered consecutively from 1 to 12, 
lly means of them the connections 
are made, as in the small diagram and 
the contactor table, both of which are 
in the lower right-hand ciorncr. The 
diagram is for a four-motor equipment, 
but as eacli pair of motors can be 
treated as a single motor — the motors 
of the i)air being connected perma- 
nently in parallel— but two motors are 
shown in the small diagram. The con- 
tactor table enables one to determine 
at a glance which contactors arc closed 
at each of the ten master-controller 
jjositions. There are twelve vertical 
and ten horizontal columns in the table. 

By reading horizontally along any line 
corresponding to a controller step, the 
number of the contactors in operation is determined by the 
positions of the dots. For example, on step 1, contactors f, 2, 
and 8 -are closed, etc. The motor-circuit diagram shows the 
locations of the various contactors in the motor circuits. The 
locations are as follows: 

(1) Between trolley T and one motor (or pair of motors). 

(2) Between the second motor and the reeistance grids. 

(3) In the jumper, or short-circuiting wire, around the first resistance 

grid. 

(4) In the jumper around the second resistance grid. 

(5) In the jumper around the three Sower resistance grids. 
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(6) In the bridge connection between the two motor circuits. 

(7) In the trolley circuit of the lower motor. 

(8) In the wire connecting the two sets of resistance grids. 

(9) Same as (5), but for the upper grids. 

(10) Same as (4), but for the upper grids. 

(11) Same as (3), but for the upper grids. 

(12) In the ground circuit of the upi)er motor. 

The combinations shown in the contactor table produce the 
following connections: 

Step 1. Trolley — ^motor No. /--all resistance grids — motor No. X — 
ground. 

Step 2. Trolley — motor No. / -— upiM*r four resistance grids — motor 
No. 2 — aground. 

Step 3. Trolley- motor No. 1 thrw s('(‘tions of iipptT grids — motor 
No. S— ground. 

Step 4. I'rolley —motor No 1- -two se(‘tif>ns of iipptT grids — inotr)r 
No. 2 — ground*. 

Step R, IVolley — motor No. t — on<* section of iippiT grids -motor 
No. 2 — ground. 

Step 6. Trolley — ^moior No. 1 —motor No. x# — ground. This is the 
scries, or low-speed, running position, each motor having half 
voltage. 

Step 7. Trolley (lower-right-hand corner) —lower resistance grids — 
motor No. 2 — gnnind. 

Trolley (upper left hand corner) — ^thrcc section!) of upper resistance 
grids — ground. 

Step 8. Same, but with one grid cut out in each motor circuit. 

Step 9. Sump, but with another grid cut out in each molor circuit. 

Step 10. Motors in parallel with no resistance in circuit. This is 
the parallel, or high-s])eed, running jiosition, each motor having 
full voltage. 

Passing next to the motor circuits in the mnin diagram, 
"shown by hea\y linos, the foregoing combinations should be 
traced out step by step. In order to make sure that the student 
understands the meaning of the several pieces of apparatus shown 
in these circuits, one of the combinations is followed through. 

The current comes from the trolley shown at the top through 
the main switch and the fuse to the kicking coil. This is a coil of 
low resistance, but like all coiled circuits, it opposes to lightning 
discharges a strong counter-e.m.f., forcing them to go through the 

* The student uriH naturally inquire why in poeitiona S and 4 be finds oontaetors S and 
k dosed when the grids which they s^V«ircuit are already shortrcircuited by S. The reason 
for this is that the operating coils of S and if, and 4 and 10 are permanently connected in serua 
as they operate together in the parallel podtlon of the oontroUer. No barm is done by allow- 
ing them to olose in the eeriee position, and the wiring la simplified by the arrangement. 
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lightning arrester to the ground. From the kicking coil the 
current passes through the circuit-breaker and tlirough contactor 1. 
The route from here on is determined by the controller posi- 
tion, but to this point it is the same for all positions. Take 
step 1, From contactor 1 the current goes through the following 
circuits: center of motor-cutout switch, branching to the arma- 
tures of the two motors forming a pair; from the armatures 
through the reverse to the corresponding field windings; back to 
the motor-cutout switch; to the right-hand end of the resistance 
grids; through contactor 8 to the left-hand group of resistance 
grids; through - contactor ^ to the motor-cutout switch again; 
through the armatures and fields of the other pair of motors; to 
the ground. This corresponds exactly to the circuit previously 
traced out f«)r step 1. , 

Some additional explanation of the cutout switch and the 
reverscr connections may be helpful Ix'fore going farther. The 
cutout switch is a double four-pole switch, the upper and lower 
parts each controlling two motors. By opening one or the other 
of the switches tlie corresponding two motors can be cut out of 
service, and the car can be oix-ratwl in an emergency by the 
others, lliis arrangement is also convenient in testing. As has 
been explained, the function j)f the reverscr is to rc\'ersc the direc- 
tion of the current in the field or armature windings but nut in 
both. In this case the field terminals are the ones reversed. 

In a manner similar u) the foregoing, the student should 
follow through the several (x)mbinations of motor circuits c*>rre- 
spondiiig to the other nine controller steps. 

Control Circuits, In the upper left-hand corner of Fig. 60 is 
shown the developed diagram of the master controller. The steps 
arc represented by the vertical dotted lines. At each step the 
corresponding dotted line is considered as brought under the row 
of controller fingers at the left. 

On step 1 the control current takes tlie following route: 
trolley; switch and fuse, beyond which is a lightning path to 
ground through tlie lightning arrester; kicking coil; master-con- 
troller switch; magnetic blow-out in master controller; upper four 
fingers on controller; reverser switch, which may be assumed to 
be pushed to the left; by wire 8, which goes into the cable 
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emerging at tenninal board 1; thence to the cutout switch; then 
to the main connection-board terminal 0; cable and wire 8 and 
to the upper reverser operating coil. From the reverser coil— 
which, as the name indicates, throws the reverser over to the 
corresponding position — ^the path is through the reverser interlock, 
at the right of the reverser coil, by way of wire 8 A to the oper- 
ating coil of contactor 1; thence by wire 8B to the operating coil 
of contactor 2; thence by wire 8C to the rt^sistance coils; theiicc 
by 81) to the operating coil of contactor 8; thence by 8E through 
the interlock on contactor f;?— making it impossible for 12 and 8 
to be closed at the same time as they would practically make a 
short-circuit if botii closed at once — ^through wire 1 to the master 
controller and to ground. 

In following this route the student will have noted that the 
wires are plainly lettered and numbered so that with a little 
practice there is no danger of confusion. The wire has the same 
number over practically the entire route, the letter changing as 
the circuit passes through each piece of apparatus. 

On step 1 of the master controller there are several auxiliary 
operations with which the student should be familiar. 

To the right of the master-controller switch is represented the 
switch which is used to set and trip the main circuit-breaker, 
shown in the lower left-hand corner. The circuit-breaker contains 
four windings: (1) the upper horizontal heavy-wire coil, tlie blow- 
out coil; (2) the low^er heavy-wire coil, which opens the breaker 
on overload; (3) the vertical fine- wire coil, which sets the bnnikcr; 
'and (4) tlie horizontal fine-wire coil, provided for hand-tripping 
the breaker. When the circuit-breaker operating switch is thrown 
to the left, it energizes the setting coil on the breaker by vray of 
wire 7 through the interlock on contactor 2, wire 7 A, setting coil 
on breaker, and ground. When the switch is thrown to tlie right, 
it trips the breaker through vrire 10, tripping coil, breaker, and 
ground. 

A second point to be noted is that when the reverser has 
operated by means of current sent through its operating coil, its 
interlock breaks the connection between wires 8 and 8A and 
establishes a new connection between 8 and 81 and by way of the 
interlock on contactor 1 and wire 82 to ground.* This is the 
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holding position of the reverser, in whicli a small current is 
sufficient to hold the arm in place.* 

The student should now follow through the control circuits 
on the other steps, noting particularly the action of the interlocks 
in preventing tAvo circuits from being energized at the same time 
when trouble would be caused if the circuits were not so protected. 

Automatic Control. As was stated earlier, one of the great 
advantages of the multiple-unit system is that control of acc*elera- 
tioii can be arranged without groat difficulty. Such control is 
beneficial in several ways: (1) by limiting tlic starting current the 
strain on the motors is kept within a 
reasonable amount; (2) the correspond- 
ing demand for current from the jjower 
house and line is reduced; (3) and the 
acceleration of the car is rtMidercd uni- 
form, ensuring the comfort of the pas- 
sengers when the car starts. 

The fundamental priiunple of auto- 
matic control is that automatic means 
arc providtMl for limiting the amount of 
current which can be drawn from the 
line. This is accom])lishcd by a current- 
limit relay of the general form shown in 
Fig. 08. The relay has two windings, 
one a fine-wire coil in the control cir- 
cuit and the other a heavy copiJer-strai) 
winding of a few turns in the main 
motor circuit. Below is an interlock of the kiiul already described, 
and above is a small cylinder and a ])iston, known as a dashpot, 
which retards the upwanl motion of the plunger of the relay. 

A wiring diagram for a mcxlern automatic control is shown 
in Fig. (59. It is not very different from the preceding system 
and will not be folloAVcd through in detail. The number of con- 
tacts and the combinations of motor circuits produced by them 
are the same as in the preceding case. There ore, however, more 
gradual resistance steps. These motor circuits can be followed 
from the motor-circuit diagram in connection with the contactor 
table. The master controller is somewhat different from that pre- 
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viously described, in that the reverse direction of the reverser is 
secured by a motion of the masterrcontroller handle in the opposite 
direction from that which produces forward motion. The diagram 
shows four forward positions of the master controller — ^two each 
on series and on parallel — and two reverse positions. 

Interlock Principle. Much greater use of the interlock prin- 
ciple is made in automatic control, and it is upon this feature 
that the student should concentrate particular attention. Most of 
the auxiliary switches used have four pairs of contacts, the pur- 
poses of which will be explained. The number of these at first 



Rg. 70. Diagram of Interlocka, 8praguc~Gcncrnl Elrrtrir Autumatir Control 


appears confusing, but as the same gfmeral principle underlies the 
operation of them all, this complexity is only ap])arent. 

The operating prineijile of automatic acceleration will be 
studied with the ai<l of Fig. 70. In this illustration are repre- 
sented three contactors, each w^ith four pairs of auxiliary contacts. 
These contactors, when closed, cut out sections of resistance grids 
and thus increase the current in the motor circuit. These con- 
tactors are intended to close automatically one after the other, 
with sufficient intervals between to allow the increasing counter- 
e.m.f. of the motors to keep down the current. This is as if a 
motoiman, in rotating an ordinary cylinder-controller handle, were 
compelled to wait on each notch until the current fell to a pre- 
determined value. 
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The purpose is accomplished by means of the throttle relay 
and the interlocks. The throttle relay has, as shown in Fig. 70, 
two windings, one in the main motor circuit and one in the control 
circuit. The current in the control-carcuit coil cannot open the 
relay alone, but when the motor ciirrtMit rises above a prede- 
termined amount, the relay ofiens. In the illustration parts of 
two of the contnd circuits are shown, 'riiese wires are connected 
to the trolley through the master controller. Either of them may, 
tlierefore, supply current when eonneeted to the ground. With 
the conditions as shown in Fig. 70 current passes from wire 2 
through the auxiliary switches and the c'ontrol resistance coils. 
If the motor cm rent is not sufficient to open the throttle relay, 
current passes from win* / through the tlirottle relay, the auxiliary 
contacts, the cut-off relay (closed whenever the third-rail shoes 
are alive), the operating coil of the right-hand contactor, and the 
control-circuit resistance coils t«) ground. The contactor closes 
and short-circuits a motor-circuit resistance grid and, i)resumably, 
increast's the motor current sufficiently to open the throttle relay. 
As long as the throttle relay remains n|x*n, no more resistanc** 
can be cut out as the next c*ontactor cannot close. As soon as 
the motor curr(*nt falls again to the proper value*, the throttle 
relay closes and the second contactor automatically goes through 
the same o])erations as the first. Any number of n*sistancc con- 
tactors can be ()j)erated on this priiiciijle. From the functions 
performed by control circuits I and 2 they are called the acenf- 
erating circuits, / Ix'ing the lifling circuit and 2 the holding circuit. 
The reason for the use of the words “holding” and ‘ lifting” is 
apparent from the fact tJiat current througii / closes the con- 
tactors and through 2 holds* them closed. 

The automatic feature just ilescribed is the main difference 
between this type of control and the one discussed in detail. With 
the fundamental principle thoroughly understood, the student will 
be able to trace out the circuits if necessary for his practical work- 
For those who wish practice in tracing Fig. 69 is given. 

Sprague-Qeneral Electric T>pe PC Control 

General Description. In the type PC control the several 
contactor units arc compactly grouped and instead of each being 
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actuated by its individual solenoid, a camshaft is provided, with 
a cam for each contactor, and the shaft is rotated by a rack and 
pinion driven by an air engine. Tliis group is called the motor 
controller, and magnet valves for controlling the air engine are 
o])crated by means of a master c*ontrollcr, as with t}T)e M. By 
means of the cam-o])tTatt*d group a definite sequence of connec- 
tions is insiirtHl without the jjossibility of improper functioning 
which sometimes occurs wlien each contactor is independently 
operated. Disc interlocks on iiidivirlual (*ontuctors are also eliini- 
iiatcrl, the automatic current-limit ct)utrol being circcted by check- 
ing the rotation of the camshaft. 

Operation. An important op<‘ratiiig features is the arrange- 
ment of contactor arc chutes; they are assembled in a single 
group, which can be swung downward, exj)osing ajl i)arts of the 
contactors. In Kig* '1 is shown the arrangement of a typical 
()()0-volt four-motor equipment, ('urrent enters tlie car thrr>ugh 
tlie trolley, ])assing through the main switch to the' motor con- 
troller. Control curnmt is taken fi*oin the live side of this switch 
through a control switch near each master controller, passing to 
the train-line cable and the motor controller. The connections 
for a four-motor controller art; given in Fig. 72. On step t, as is 
noted in the table, tlie line breaker is closed with all n*sistance in 
circuit and two motors in series and two in jiarallel. On steps 
Jf 3, and 4 resistance is short-circuited, and step 5 is the series 
running ])osition. The transition occurs between steps o and 6*, 
after which resistance is again short-circuited to the full parallel 
|>osition step f). 

Motor and Master Controllers. The main, or line switch is 
of the circuit-breaker tyjie and is c*apable of interrupting the full- 
load current of the car. This breaker is actuated by an indi- 
\ idual air-pressure-controllc<l magnet valve and air cylinder. The 
r(*\'erser is also supplied with an individual air cylinder and magnet 
valve. The contactor-group camshaft is operated by a cylinder 
with a double piston showm in section in Fig. 73. Magnet valves 
actuated by moving the master controller admit air or allow it to 
exhaust from the cylinder. The illustration shows the position of 
the valves and pistons when the controllers are in the OFF posi- 
tion. It may be seen that air pressure is applied from the reser- 
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voir through the OFF valve, while the ON valve allows air co 
exhaust to the atmosphere. When the master controller is turned 
to the first point, the revcrser operates, the line breaker closes, 
and both the ON and. OFF magnet valves are energized, moving 



Tig. ?1. AirangemeDt of Car Equipment with Type PC-6 Controller 


to the up position. This applies pressure to the ON piston and 
allows air to exhaust from the OFF cylinder. The rack rotates 
the camshaft until the OFF magnet valve is de-energized. This 
applies air pressure to the OFF cylinder, the pidton is balanced 
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between the tw'o pressures, and the camshaft stands at the first 
operating position of the motor controller. The succeeding posi- 



tions of the motor controller are obtained by alternately energizing 
and de-energizing the OFF magnet valve. When the master con- 
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troller is turned off, both valves are de-energized and the rack 
moves the pinion and camshaft to the OFF position. 

Automatic Feature. With non-automatic control each point 
on the master controller indicates a corresponding position of the 
motor controller. When automatic control is used, however, the 
master controller operates the reverscr and the line breaker and 
causes the rotation of the camshaft for the first step. The cam- 
shaft then automatically moves to succet'ding positions but is 
checked in case of (ixcessive current, by the current-limit relay 
connected as shown in Fig. 72, until the currt*nt falls to a pre- 
determined value. This relay has a series coil carr^'ing the motor 
current, and too rapid acceleration causes the relay contacts to 
open, arresting tlie progress of the camshaft until the current 
drops. To allow a greater accelerating current in emergency, a 
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notching relay is used, by means of which tlie motor controller 
can be a<lvanced one point at a time without regard to the 
current-limit relay. 

Westinghouse Unit-Switch Control 

Characteristic Features. The Westinghouse Company has 
developed a system of multiple-unit contn>l which is, in many 
waj's, similar to the Sj)rague-(ieneral Electric system. An essen- 
tial difference 'is that tlie energy for operating the unit switches is 
supplied hy means of compressed air instead of the electric current. 
This involves many differences in detail. The compressed air is 
controlled by electropneumatic valves, current for these being 
supplied through a train line, as in the previous case. The 
essential parts of the system may be summarized as follows: 

(1) A group of unit switches or circuit-breakers operated (through 
electropneumatic valves) by compressed air, which in turn is operated by 




ELECTRIC RAILWAYS 


76 


means of a multiple-wire control circuit (as in the Sprague-GcncrsI Electric 
control). 

(2) A train line and set of control circuits, with a master controller by 
noieans of which the operating coils of the elcctropneumatic valves are ener- 
glised in the proper combinations by current drawn from the third-raU shoi^. 

(3) A piping and reservoir system by means of which the unit switches 
and reservoir ore operated. 

The remaining parts are not essentially different from those 
of the other system. 

Unit Switch. The unit switcdi is shown in eross-scctioii in 
Fig. 74. Compressed air enters through the pipe shown in section 



Fig. 74 Cro8>«-f<<’cti«in of W catiiighouae Pig. 76. View of WestinghouRe No. 4 

Unit Switch Unit Switch 

in the lower right-hand comer an<l passes to the valve through the 
small passage. When the coil of the valve is energized, the air is 
allowc'fl to enter at the bottom of the cylinder and it pushes the 
piston upward against the resistance of the coiled spring and closes 
the switch. When the exciting circuit is opened, the supply of air 
is cut off and the air in the cylinder is allowed to escape; the 
switch is then opened by the spring. The arc is broken in a 
magnetic field produced by a magnet, the end of which is shown 
dotted in the illustration. Fig. 75 is a picture of the unit switch 
with the sides of the box, the arc chute, the cylinder, and the 
valve cut away to show the working parts. Figs. 74 and 75, 


267 


76 


ELECTRIC RAILWAYS 


taken together, should give a clear idea of the operation of the 
valve. An enlarged view of the cylinder and magnet valve in 
Fig. 75 is given in Fig. 76. Details of the blow-out coil are shown 



Fig. 76. Westinghouac Unit-Switch Cylinder Fig. 77. DetniU of Blow-Out CoO, 
and Magnet Valve Westinghousp IJmt-Switch 


in Fig. 77. The appearance of the switch group is given in 
Fig. 78. 

Control and Motor Circuits. The control and motor circuits 
are shown in simplified form in Fig. 79. The main circuits are in 
the upper left-hand corner, and the control circuits are in the 



Fig. 7& Group of Unit Switehea, Waatingbouae Syatem 

lower right-hand comer. In the lower left-hand comer b a table 
showing, the sequence of switches corresponding to the several 
series and parallel positions. For simplicity, the operating coils 
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of the unit switches are separated from the corresponding contact 
fingers. They may readily be identified by the designating letters 
and figures. As the details are the same as in the Sprague- 
General Electric system, the student will be able to trace out the 
circuits without further assistance, referring to the previous expla- 
nations if necessary. 

Air Supply. As all cars large enough to warrant the use of 
the multiple-unit system are also provided with air brakes, there 
is ample air supply for the control system. This air is drawn 
from the brake reservoirs shown dotted in Fig. 80 and flows 
through a cutout cock, a strainer, a reducing valve (which lowers 
the pressure), and an equalizing reservoir (which prevents reduc- 
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Fig. 80 Pilling Diagram, Westinghouae Multiple-Unit System 


tion of pressure as the apparatus is operated) to the swiich group 
and reverser. 

The location of the various parts of the equipment i.s shown 
in Fig. 81, which also contains other interesting iiifonnation 
regarding matters already taken up in detail and others still to 
be considered.' The illustration indicates how carefully all the 
space under the car floor must be utilized in order to accommo- 
date all this apparatus. 

Westlnghouse Type HLD Control 

Description. A widely used type of control is the Westing- 
house HL equipment, the letter H signifying hand acceleration 
and L denoting line, not battery, control. A modification of HL 
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Fig 81 Dingraiii of Apparatus under Car. Weatinghouse Multiple-Unit System 
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control is known as type HLD and is being employed quite 
extensively for light-weight low-floor cars where it is desirable to 
place the main circuits and circuit-breaking devices underneath 



Fig. 82. WcBtinghouae HLD Contn>iIcr Bos with Coven Removed 

the car. The HLD control is a combination of light weight, HL 
control and K control and is designed for handling four 40 -hp. 
motors and lighter equipments. The main circuits are opened 
and closed by three pneumatically operated switches, while the 
resi.stance is cut in and out by a motor-operated drum, the 
principle being similar to that employed in the K controller. 
This equipmtmt can be adapted to train operation, and automatic 
acceleration can be secured without serious complication. In 



Fig. 83. Main-Circuit Diagram of ULD Control 


Fig. 82 is shown the arrangement of the parts in a single enclosing 
ca.se to facilitate installation and inspection. A simplified wiring 
diagram showing the main circuits is given in Fig. 83 . 
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MISCELLANEOUS EQUIPMENT 

Automatic Acceleration of Manual Controllers. AtiUmoUmeer. 
A large part of the difficulty in maintaining equipments results 
from too rapid acceleration. Various devices have been used to 



FiK> 84. Autoiaotoneer in Place 

prevent this. The multiple-unit control readily admits of auto- 
matic acceleration, but this is possible also with manual controllers. 
A simple mechanical device for this purpose is the automotoneer, 



Fig. 85. Automotoneer Parti 

Figs. 84 and 85; this is mounted on the top of the ordinary con- 
troller. It consists of two main parts, one stationary and the 
other rotated by the controller handle. The stationary part 
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contains a zigzag groove, in which plays a movable tongue, or 
pawl, carried by the movable part. As the handle is rotated, the 
pawl catches in the angles of the groove and allows the handle 
to be rotated one notch at a time only. In order to disengage 
the pawl, the handle must be moved slightly backward on each 
notch. This operation delays the movement of the controller 
drum sufliciontly to prevent the motornian from drawing an 
fxci'ssive amount of current each time the ear starts, thus saving 

the rephi(.‘ement of fuses 
and preventing wear and 
tear on the equipment and 
the power plant. 

Current-Limit Relay. 
A simple electrical device 
is illustrated in Figs. SO 
and 87. This is a coil and 
plunger mounted in the con- 
troller case. When exces- 
sive currtMit is drawn, the 
plunger is attracted into 
the coil and ]>ushes a bronze 
plug under the star wheel 
of the controller, where it 
engages a pin which stoiw 
the movement of the con- 
troller handle. Wlien the 
current falls below a i)re- 
determined value, tlie 
plunger is autoiniiticall.v 
FiK86. currc^Lmiit^^gru«KibyDeny« withdrawn, thus allowing 

farther movement* of the 
handle until another excessive demand is made upon the circuit. 

General Electric Control for 1200-Volt Equipment Although 
the standard voltage in use on trolley systems has for several 
years been 600 volts, there has been a strong tendency lately t<» 
increase this voltage on interurban-railway s.v'stems to 1200 volts. 
This necessitates either the use of two 1200‘Volt motors or the 
use of two pairs of 600-volt motors, the motors of each pair being 
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in series for operation on 1200 volts. As the low-voltage motors 
are standard and are more cheaply maintained than the others 
(on account of the smaller electrical strain upon the insulation), 
they have been largely used in the high-voltage lines. 

There is an additional advantage in the use of the low- 
voltage motors in that, if it is desired to operate them on systems 
using 600 volts, they can be run at the same spccMl as on 1200- 
volt lines by simply connecting all four motors in parallel. 



Fig. 80. Diagram of Connectioiia fur l.'ifXV.Voll Dynamotor-Coiiipreaaor 


In high-voltage cqui]}ments the lamps, control circuits, and 
in some cases the air compressors are supplied with OOO-volt 
current. This i)ermits the use of standard apparatus. These 
circuits are connected between trolley and ground through a 
machine known as a dynamotor, which, as its name implies, is 
both a generator and a motor. It is a small, d.c., compound- 
wound motor with two windings on the annature and two com- 
mutators, one on each end of the shaft. 

The two armature windings, which are shown diagrammati- 
cally as A* and A** in Fig. 88, are connected in series across the 
line. Current at one-half line voltage is taken off between the 
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left-hand terminal and the center (the point marked 15) of the 
series field F** and then sent through the control circuits, etc. If 
the equipment were designed to operate on high line voltage con- 
tinuously, no additional equipment in the control circuit would 
be required. This apparatus, however, is designed to operate on 
either 1200-volt or 600-volt circuits, and as the dynamotor is not 
necessary at the lower voltage, some device must be used to cut 
it out of the circuit when it is not needed and to connect the 
control circuits direct to the trolley. This arljustmcnt is accom- 
plished by the aid of a special form of relay and a switch. 

The relay is shown diagram- 
matically in Fig. 88. Tt consists 
of a coil and core with a pivoted 
iron armature M above. When 
the coil is energized, the core 
att}‘acts the armature. The arma- 
ture carries a switch arm, which 
makes and breaks contact at 15. 
Below the coil is a second pivoted 
switch arm JNT, which makes and 
breaks contact at 13 and 14- The 
lower arm is connected with the 
upper by the link represented by 
the dash line. The positions of 
the moving parts of the relay, as 
shown, are for 12()(>-volt operation, the solenoid circuit being open. 
In this position the trolley current enters at tlie pivot of the 
switch N, passing out at 13, Thence it flows through the resistance 
to the d^mamotor. The lattcl* has a shunt field and a series 
field F" and two armatures and /I", all connected as shown. 
The dynamotor then operates as a compound-wound motor. 

The current for the control circuits, and any others requiring 
600 volts, is taken off from the middle of the field winding and 
flows through contact 15, switch arm M, and the control circuits 
to ground. 

When it is desired to operate the control circuits directly on 
the line, that is, when the line voltage is 600 volts, switch 5' or 
5" is closed and the relay solenoid is energized. This results in 



00. WirinK DiaKr.iiii fiir 000 -12CX)-VoIt 
TVpe HL Control Equipment Dj-namotor 
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the armature M being attracted, and as switch N is connected 
to it, both switch arms arc simultaneously operated. Contacts 
15 and 13 are thus opened, cutting the dynamotor entirely out of 
circuit. Current now flow's from the trolley through the pivot of 
switch arm N, tlirough contact 14, direct to the control circuits. 

The connection of wire 15 at the middle of the series field 
wrinding is an important feature of the success of this scheme. 
When the dynamotor starts up, the current in the series winding 
is effective in producing a ])owcrful torque as it strengthens the 
field. When current is drawn from the middle of the series 
w'inding to supply the Control circuits, it flow's partly through 
armature A' and partly through /I". These tw'o components of 
the current fkiw in opi)osite directions in the seric‘s winding and 
tlius neutralize each other. The .scries winding has, therefore, no 
elFcct on the operation of the machine when it is Running as a 
generator, but is effective only w'hen it is a motor. 

Westinghouse Gintrol for 1200- Volt and 1500- Volt Equip- 
ments. Control current is obtained in the AVestinghoiise high- 
voltage d.c. car equipment from a dynainotor-coinpressor, which 
combines the duties of the dynamotor and air compressor. The 
dynamotor runs continuously on either a (»()0-volt or a 1200-volt 
trolley, and the compressor is connected or disconnected by a 
eliitch oiieratecl b>' the air-pressure governor. Tii some cases, also, 
the dynamotor is disp<Mised with and contrf)! run ent is obtained 
by tapping a section of resistance connected between the trolley 
and the ground. In iliis case the lighting and heater circuits arc 
coijiicctod directly to the 12(M>-volt trolley. Simplified wiring 
diagrams for high-voltage car equipments using these connection 
are shown in Figs. 89 and 90. 
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PART II 

TRACK CONSTRUCTION 

General Data. A railway track consists of steel rails securely 
attached to crossties, which in turn are placed in a bed of broken 
stone, gravel, ot concrete. I’nder the ballast or the bed of con- 



Fig. 01. Plan and Section of Typical City I'rack 


Crete is a foundation of solid earth or of large stones. A cross- 
section of a typical city track is shown in Fig. 91 and of an 
interurban track in Part III, Fig. 197. 
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The rail lengths are joined together by some form of joint, 
and where tracks cross or branch special work is put in. “Special 
work” is a term applied, therefore, to crossings, switches, turn- 
outs, etc. 

RAILS 

G)mmon T Rail. The T rail used by steam railroads is known 
as the A. S. C. E. standard T rail because it follows the standard 
dimensions recommended for T rails by the American Society of 
CMvil Engineers. A standard Go-pound T rail of this kind is shown 
in Fig. 92. Other weights of this rail ha\'e the same relative 
proportions. Such a rail is used for interurban electric roads and 
for suburban lines in streets w’hcre there is no block i)aving. The 
rail consists of three parts: the head, the weh, and the base. The 




^head is designed to contain enough steel so that it \vill wear for a 
reasonable time, and the quality of steel is chosen to give the head 
the necessary wearing qualities. The web gives stiffness to the 
rail, and its thickness and depth are chosen so as to give the 
proper support to the head. The base, which rests on the ties, 
is made wide enough to distribute the pressure over as great a tie 
surface as possible and to gi> e the rail the necessary stability when 
subjected to side pressure. The base is spiked or bolted to each 
tie on both sides. Long experience of steam railroads and rail 
manufacturers has determined the proper proportions, weights, and 
compo»tion of standard T rails so as to meet the requirements of 
operation (wearing qualities and stiffness) with a minimum amount 
of steel per yard. 
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Shanghai T RaS. Where the T rail is to be used with paving, 
the popular form is the Shanghai T, Fig. 93. This rail is tall 
enough to permit the use of high paving 
blocks around it. 

Girder Rail. In the early days of elec- 
tric traction the most common form of rail 
for city use was the girder, a typical section 
of which is illustrated in Fig. 94. This is an 
outgrowth of the old tram rail used on horse 
railways. It has a Hat projection, the tram, 
alongside the head, on which vehicles may 
l)e driven. The flat steel surface makes an 
excellent rolling surface for wagon and car- 
riage wheels, the gage of which usually cor- 
responds to that of standard track (4 feet 8J- inches). Its chief 
advantage from the standpoint of the railway company is that there 
is plenty of room for dirt and snow to be pushed away by the 
flanges of the cars. If the company maintains the paving, it may 
be to its advantage to have teams u.se the steel track rather than 
the ]>aving, although this advantage in 
maintenance is probably more than 
counter-balanced by* the delay of curs 
through tlic regular use of the truck 
by teams. 

Trilby or Grooved Rail. A modi- 
fication of the girder rail, known as the 
Trilby, and sometimes as the grooved 
gii'der, is show'n in Fig. 95. It has a 
groove of such a shape that the flanges 
of the car wheels will force snow and 
dirt out* of it instead of packing it into 
the bottom of the groove, as in the 
case with the regular European narrow- 
grooved rail. A narrow-grooved rail in 
which the grooves correspond closely to 
the shape of the car-wheel flanges is sure 
to make trouble in localities where there is snow and ice, as the 
grooves become packed and denul the cars. A number of varieties 





File. 96. Trilby or Urooved Rail 
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of this type of rail are in use. They differ principally in the 
height of the lip shown at the right in the illustration. This 
may be higher than the head or lower, or it may be, as in the 
section shown, nearly on the same level. 

Guard Rail. On T-rail curves it is customary to use a guard 
rail which bears against the inside of thfe wheel flange and assists 
in holding the wheel to the rail. The guard rail is of a special 
form (see the mate. Fig. 106). It is bolted to the inside of the 
rail web. Guard rails may be improvised out of old standard 
rails bolted to the main rail with spacing blocks between, but the 
regular sections are to be preferred. 

Composition of Rails. As the qualities of steel are very 
greatly affected by its chemical composition, specifications drawn 
by railway companies are very rigid in this matter. For rails of 
average hardness and ductility the following specifications may be 
taken as typical: 

Constituent Percentage Present 

Carbon 0.75 to 0.85, average 0.80 

Sulphur, not to exceed 0.0 1 

Phosphorus, not to exceed 0.03 

Silicon, not to exceed 0.20 

Manganese 0.80 to 0.90 

Open- II earth Steel. Open-hearth steel is being used to an 
increasing extent with satisfactory results. The standard compo- 
sition for this steel does not differ substantially from the foregoing 
specifications except that tlie percentage of carbon is less — 0.60 
^ 0.75 per cent. 

Manganese Steel. Manganese steel is one of the latest develop- 
ments in steel rails. Manganese steel has been cast for some time, 
but only within the past few years has it been possible to obtain 
it in the form of rolled rails. The ability of this material to 
withstand wear is very great — many times that of ordinary steel. 
The composition is about as follows: 


Constituent 

Carbon 

Phosphorus 

Silicon 

MANGANESE. 
Sulphur 


Percentage Present 
. . . .0.90 to 1.20 

not over 0.10 

not over 0.50 

. . . .0.50 to 16.00 
. . . .not over 0.00 
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RAIL JOINTS 

Ordinaiy Bolted Joint. The ideal track would have continu- 
ous rails, but as rails are made in lengths of either 30 to 33 feet 
or about 60 feet, this ideal condition can be realized only by using 
joints which give the same effect as a continuous rail. In ordinaiy 
track the joints arc the weakest part, and rails wear out from the 
hammering effect at loose joints long before they would if there 
were no joints. The ordinary joint is made by bolting a pair of 
angle bars or fish plates to the sides of the rail. Sections through 
such joints are shown in Figs. 92 and 93. 'J'he edges of these bars 
are made accurately to such an angle that they will wedge in 



FIk. OG. Continiioiu Rail Joint 


between the head and base of the rail ns the bolts are tightened; 
hence the name “angle bars.” This is the form of joint generally 
used on steam railroads and on electric roads in exposed track or 
in track where the joints are easily accessible, as in dirt streets. 
In paved streets the undesirability of tearing up the pavement 
frequently to tighten the bolts on such joints has led to the inven- 
tion of several other types, which will be described later. Never- 
theless, very good results have been obtained with bolted joints 
laid in paved streets where care has been given to details in laying 
the track and where the joints have been tightened several times 
before the paving is finally laid around them. 

Improved Joints. As angle bars do not give altogether satis- 
factory service, particularly in paved streets, as explained above. 
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numerous improved joints have been brought out. The purpose 
of these is to secure permatience without excessive stiffness; that 
is, the joint is designed to be about as flexible as the continuous 

part of the rail. Cross-sections of 
several of these are shown in 
Figs. 96, 97, and 98. Each of 
^ these supports the base of the rails 
: and also produces a wedging cfrcct 

between the base and the head of 
the rail. The contimimis joint, 
rig. 9l), grips the base above and 
Fi,.97. WdK.rJoa .1 The ircfcfT joint. Pig. 

has a flat base, which is .spiked to the tie, in addition to the angle 
plates. The base plate has a vertical plate projecting from it, and 
this is separat(‘d from one of the angle plates by a wooden lilock 
or filler for the purpose of utilizing the elasticity of the wood in 
giving a tight but flexible joint. The Wolhawpter joint, Fig. OS, has 
a corrugated base plate, and the angle bars are sc) formed as to 
grip this plate and the base of the rail. The ends of the rails 
are thus bound together all around. 

Welded Joints. Several forms of welded joints are in use. 
All these welded joints fasten the ends of the rails together so that 
the rail is practically continuous — just as if there were no joints 
— so far ns the running surface of the rail is conciTiied. It was 
thought at one time that a continuous rail would be an impossi- 



Fig. 08. Wolhauptor Joint 


bility because of the contraction 
and cxpan.sion of rhe rail under 
heat and cold, wdiich, Ii was sup- 
posed, would tend to pull the 
rails apart in cold weather and 
cause them to bend ami buckle 
out of line in hot weather. Ex- 
perience has conclusively showm, 
however, that contraction and 
expansion are not to be feared 
when the track is covered with 


paving material or dirt. The paving tends to hold the track in 
line and to protect it from extremes of heat and cold. The reason 
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that contraction and expansion do not work havoc on track with 
welded joints is probably that tlie rails have enough elasticity to 
provide for contraction and expansion without breaking. It is 
found that the best results are secured by welding rail joints 
during cool weather, so that the effect of contraction in the coldest 
weather will be minimum. In this case, of course, there will be 
considerable expansion of the track in the hottest weather, but 
this does not cause serious bending of the rails; whereas, occasion- 
ally, if the track is welded in very hot weather, the contraction 
in winter w.i)l cause the joint to break. 



IHg 00 Apparatus Set for Cast-Wclded Joint 

Casf-W elded Joints. The process of cast-welding joints con- 
sists ill pouring very liot east iron into a mold placed around the 
ends of .the rails. These molds are of iron; and to prevent their 
sticking to the joint when it is cast, they are painted inside with 
a mixture of linseed oil and graphite. Iron is usually poured so 
hot that, before it cxiols, the base of the rail in the center of the 
molten joint becomes partially melted, thus causing a true union 
of the steel rail and cast-iron joint. This makes the joint mechanic- 
ally solid and a good eleccrical conductor. To supply melted cast 
iron during the process of cast-welding joints on the street, a 
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small portable cupola on wheels is employed. In Fig. 99 is given 
an idea of the process of making cast-welded joints. 

Electric-Welded Joinia^ An electric-welded joint is made 
by welding steel bars to the rail ends. A steel bar like that 



Fir 100. StocI Dar for Eleetrir-Welded Joint 


shown in Fig. 100 is placed on each side of the joint, and current 
of very large volume is passed through from one block to the other 
This current is so large that the electrical resistance between the 
rail and steel block causes that point to become molten. Current 
is then shut off, and the joint allowed to cool. There is in this 
case a true weld between the steel blocks and the rails and joint. 
The appearance of such a joint is shown in Fig. 101. 

An electric-welding outfit being expensive to maintain and 
operate, thi.s process is used only where a large amount of weld- 



Fig. 101. Elaotiio-Wdded Joint 


ing can be done at once. The direct current is taken from the 
trolley wire at 500 volts and paased through a rotary converter, 
which converts it into an alternating current. A transformer 
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reduces the voltage and gives a current of great quantity at low 
voltage, the latter current being passed through the blocks and 
rails in the welding process. A massive pair of clamps is used 
to force the blocks against the rails with great pressure and 
to conduct the current to and from the joint while it is being 
welded. These clamps are water cooled by having water circu- 
lated through them so that they will not become overheated at 
the point of contact with the steel blocks. 

Thermit Welding. Dr. Hans Goldschmidt has invented a 
mixture which he calls thermit and which has been found useful 
in making rail welds. Thermit is a mixture of powdered aluminum 
and iron oxide, and these have a strong tendency to combine after 
they have been ignited, producing by this combination intense 
heat accompanied by a reduction of the iron in pure form. In 
making a joint an iron mold is placed about the joint somewhat 
as in the cast-wclding process. The space inside the mold is, how- 
ever, very much smaller. A charge of the thermit, sufficient for 
a joint, is placed in a funnel-shaped sheet-iron crucible, which is 
lined with refractory material. The bottom of this can be opened 
to allow the molten iron to flow into the mold. The charge is 
ignited by a small charge of fulminate, and almost instantaneously 
the metal is ready for pouring. The combination of the materials 
is very vigorous, so that the crucible must be covered to prevent 
them from flying out. This process has an advantage Iff that, as 
it does not reqxiire elaborate apparatus and a large crexv of men to 
operate it, a few joints can be mode to advantage. The iron which 
flows into the mold is at such a high temperature that it melts 
the steel of the rail with which it comes in contact and produces 
an actual weld. For furtlier details, see the text on “Welding.” 

TRACK SUPPORT 

Ties. The greater portion of track is laid on wooden ties. 
These ties, in the most substantial wooden-tie construction, are 
6 inches by 8 inches in section and 8 feet long. They are spaced 
2 feet between centers. Sometimes smaller ties, spaced farther 
apart, are used in cheaper forms of construction; but the foregoing 
figures are those of the best construction known in American 
rulway practice. In paved streets ties are usually employed. 
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although sometimes what is known as concrete-stringer construc- 
tion is used instead of ties to support the rails. A strip of con- 
crete about 12 inches deep is laid under each rail, and the rails 
are held to gage by ties or tie rods placed at frequent intervals. 
Sometimes the concrete is made a continuous bed under the entire 
track. In most large cities the concrete foundation is used under 
all paving; and consequently, when concrete is used instead of ties 
to support the rails, this concrete is simply a continuation of the 



Fig. 102. Steel Jie and Tio>Rod Connectiun 


paving foundation. Where ties are used, they are laid sometimes 
in gravel, crushed stone, or sand, although frequently in the largest 
cities tliey are embedded in concrete. Sometimes tliis concrete 
is extended under the ties, and sometimes it is simply put around 
the ties. 

Preservation of Wooden Ties. The increasing cost of wooden 
ties, the difficulty of obtaining good ones, and the comparatively 
short life of these ties have resulted in the development of sub- 
stitutes. Wooden ties, however, possess many advantages. They 


290 




T’/iAiL. STEEL 77£ AM COJ)/C/iET£ 3ALLAJT COVSTTtUCTiOft FOE C/TK STREETS 



Fig. 103. Loogitudiiial tnd 'nmiiivme Section of Steel Tie Ttnek Bed 
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are cheap; they produce a resUient easy-riding track; rails are 
easily and cheaply attached to them, etc. Efforts are, therefore, 
being made to extend the life of ties by means of preservatives, of 
which the most commonly used are zinc chloride, creosote, and 
crude oil. In order to properly apply the preservative it is neces- 
sary to first remove the sap and air from the wood, which is 
accomplished by means of heat. On cooling, the wood tends to 
absorb the preservative. This matter is considered so important 
by the government that the Forest Service has established a 
Department of Wood Preservation. Anyone who is interested in 
a practical way in preserving the life of ties, poles, posts, etc., 
can obtain inforcuition and assistance from the department. 
The steam railroads are adopting plans for tie preservation on a 
large scale and will thus at least double the life of their ties. 

Suhstiiutes for Wooden Ties. While efforts are being made to 
extend the life of wooden tics, substitutes are also coming rapidly 
into use. In cities the stringer construction, previously mentioned, 
is popular. Steel ties are also being employed on a large scale. 
These are crossties laid like the wooden ones, except that in city 
work they are bedded in concrete. The construction is shown 
clearly in Figs. 102 and 103. A feature shown in P'ig. 102 which 
has not been mentioned before is the use of tie rods which main- 
tain tlie rails at the proper distance apart. These are flat straps 
with threaded bolts on the ends; the latter pass through holes 
in the rail vreb. 

Ballast. A ballast of gravel, broken stone, cinders, or other 
.material which is self-draining and which will pack to form a solid 
bed under the ties should be used to get the best results Uiider all 
forms of construction, whether in paved streets or on a private 
right of way, as on an interurban road. Of course, if concrete is 
placed under the tics, the gravel or rock ballast is not necessary. 
If ties are placed directly in soft earth, which forms mud when 
wet, they will work up and down under the weight of passing 
trains, and an insecure foundation for the track will be the 
result. In interurban work the ballast is brought up nearly 
to the top of the ties. This insures a quiet track, that is, 
there is much less vibration than if the track were insufficiently 
ballasted. 
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SPECIAL WORK 

Right-Hand Crossover. The special pieces of track con- 
struction necessary in cities form a most important feature, as 
they must in many cases be dedgned for their particular loca- 
tions. There are, however, standard pieces which have regular 
names, and the student should be familiar with the most import- 
ant of them. In the crossover, Fig. 104, the dash lines show the 
positions of the rails of the double track, and the solid lines 
the special work. As indicated, there is a switch at each end of the 
crossover by means of which a car can be deflected from the 
straight track. Opposite the switch is the mate; this is a junction 
which allows the wheel on that rail to follow the direction deter- 
mined by the position of the switch. The appearance of the 



switch is shown in Fig. 105. The SAvitc;li is shown broken into 
two parts to reduce the space occupied in the illustration. The 
two sections are actually all in one piece. Beginning at the right- 
hand end of the switch, note first a pair of angle plates which con- 
nect it to the end of a rail; next there is a piece of rail with a 
guard rail firmly attached; this leads up to a casting firmly bolted 
to the rail and forming between it and the rail head a shallow flat- 
bottomed space in which plays a forged-steel movable tongue, 
hinged at tlie left; at the left end the casting widens out and the 
crossover ‘rail is attached to it by means of angle plates. The 
position of the tongue determines whether the car wheel shall 
follow the main or the crossover rail. 

Opposite the switch is the mate. Fig. 106. This is simply a 
Y joint of the wiAin and the crossover rails with a space between 
the heads to allow the car wheel to follow the main rail if it is not 
to be deflected to the crossover rail. A short guard rail assists in 
guiding the wheel over the crossover rail 
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Where the rails cross at an angle, a frog is located. The con- 
struction of such a frog is shown in Fig. 107; it is built up of 
pieces of standard rail with filler blocks between, as shown in the 
cross-section. 

Double-Track Crossover. An excellent idea of a complicated 
piece of work can be obtained from Fig. 108. Here two double 
tracks cross, and they are connected with each other by two sets 
of curves. The switches and mates used here arc similar to those 
shoif^Ti previously, and in addition there arc right-angle and curve 
crosses. The light lines show’ the plain rail, and the heavy lines 
the special pieces; and the ends of each special piece are marked 
by black circles. The construction of these crosses is shown in 
Figs. 109 and 110, where the rails are held tog(*thcr by cast-steel 
pieces cast in position. The castings on the two sides are held 
together by the metal which has flowed through holes in the 
rail webs. 

SPECIAL TRACK CONSTRUCTION 
Undeiground Conduit System. Description. The underground 
conduit sj’stcm, in which the conductors conveying the current tt) 



the cars are located in a conduit under the tracks, is in use in 
two cities of the United States: New York City and Washington, 
D. C. The cost of this system and the danger of interruption of 
the service where the drainage is not excellent have prevented its 
more extensive adoption. The New York type of conduit, which 
is a good example of this construction, is shown in cross-section in 
Fig. 111. The conductors consist of T bars CC of steel, sup- 
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ported from porcelain cup insulators located 15 feet apart in the 
conduit. At each insulator a handhole is provided, Fig. 112, to 
furnish access to the insulator from the street surface. Manholes 
are provided at intervals of about 150 feet so that the dirt which 
collects in the conduit can be scraped into them and removed at 
intervals. The manholes also serve as points of drainage con- 
necting with the sewer system. 

Current for operating the motor is conducted to the car 
through a pair of contact shoes commonly called a plow, which 
lias the two shoes insulated from each other and from the frame 
of the plow. These shoes are 
provided with flat springs that 
hold them against the conduct- 
ing bars in the conduit. The 
shank of the plow is thin 
enough inch) to enter the 
slot of the conduit. The con- 
ductors ])ass up through the 
middle. Tliese plows can, of 
course, be removed only when 
the car is over an open pit. 

(W. A conduit system of 
this kind is very expensive to 
build for several reasons, three 
of which are as follows: 

1. A very deep excavation 
must be made in the street to 
accommodate the conduit. 

2. The track rails, slot rails, and sheet-steel conduit lining are 
all held in alignment by means of cast-iron yokes plaml 5 feet apart. 

3. The entire space around and underneath these yokes is 
filled with concrete in order to give rigidity and permanence to 
the track bed. 

These three expensive items, therefore, cannot be avoided in 
tlie construction of a conduit road. The deep excavation may 
further call for the changing of other underground pipes or conduits 
in the street. The necessary precautions against leakage of current 
is also a serious expense. 



Fig. 112. Spctioii Ilf UiidcrKround Conduit 
Showing Handhole 
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CAR EQUIPMENT AND MAINTENANCE 
MISCELLANEOUS CAR EQUIPMENT 
TROLLEY 

General Description. Current is taken from the trolley wire 
through a brass wheel carried in a trolley harp mounted on the 



Fig. 113. Type of Trolley IIuim* 


end of a light tubular steed pole. The pole is attached at its 
lower end to the trolley base, wliich is a sjiring hinge pivoted on 
a bu.se plate. 

Base. Tyiiieal trolley bases are shown in Figs. 1 13, 114, 
115, and 116. While these bases differ in detail, they all operate 



Fig. 114. Bdl-Beaiiag Trolley Sue 


upon the principle of producing a uniform pressure of the wheel 
upon the trolley' wire, regardless of the position of the pole. In 
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Fig. 113, which was one of the earlier types, the following essential 
parts can be easily seen: the stand, or foot, which is screwed to 
the platform or the roof of the car and is provided with a terminal 
binding clamp through which 
the current is carried to the 
pole and wheel; an arm, or 
swivel, one end of which 
fits over a swivel pin forming 
part of the stand; a socket, 
which is hlngrf at tlie lower .f k*. lu to Dewi 

end to the swivel arm and also carries a pair of cams to which the 
tension springs are attached; and a set of heavy steel springs with 
adjusting device and also a buffer spring to absorb the shock in 
case the trolley pole leaves the wire. The general features of this 
construction have been followed to a certain extent in more recent 
designs, and in the later t>'pcs ball bearings are used instead of a 
swivel pin in order to permit the pole to tiim more easily when 
rounding curves. In tlie later types, also, the springs are used 
under compression instead of under tension as in Fig. 113. In 
Fig. 116 is shown a base designed for high-speed interurban service; 
this base complete weighs 120 pounds. The bearing consists of 



Hg. lia Trolley Base for High-Speed Interurban Service 

steel rollers carried in a wateiproof bearing cup, sufficiently pro- 
tected to operate almost indefinitely without lubrication. Four 
heavy ^sion springs are used with adjustments to allovr for 
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setting to give a pressure of from 20 to 45 pounds upward against 
the trolley wire. This base will accommodate a l}-mch pole 

14 feet in length. 

Pole. Trolley poles are 
made of light high-grade steel 
tubing about |-inch in thick- 
ness and of a length deter- 
mined by the height of the 

Fig. 117. Trolley Harp for Holding Pulley < n • i ■ 

trolley wire above the car 
niof . The angular elevation of the trolley pole may be approximately 
30 degrees, 'riiis will require poles between 12 and 18 feet in length. 
The steel of the p<)^?.s is reasonably soft so that in general they will 
bend nit her than break under ordinary shocks. The tubes are tapered 
from a point several feet from the upper end, and their outside diam- 
eter at the butt ranges from 1| to 2 inches. The standard outside 
diameter at the upper end is 1 inch, the inside being reamed to 
fit the standard harp shank. At the butt end the poles are rein- 
forc*ed by a length of tube inside, the length and strength of this 
tube being determined by the service to which tlic poles will be 
subjected. 

Haip. The trolley harp is the device which is mounted on the 
upper end of the pole to caiTy the trolley wheel. A ty^iical harp is 




Fig. 118. Typical Trolley Wheel 


shown in Fig. 117. The harp is a brass or malleable-iron casting, 
or it may be of drop-forged steel. It is provided with a cold 
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rolled-steel shank, finished carefully to standard size, which slips 
into the reamed hole in the upper end of tlie trolley pole, where 
it is riveted into place. At the upper part of tlie harp is an axle 
pin upon which revolves the 
trolley wheel. Contact springs 
arc also provided for conducting 
the current from the wheel to 
the pole. 

Wheel. The trolley wheel 
is cast from brass of special com- 
position satisfactory as to tough- 
ness and wearing qualities. The 
wheels are grooved as shown in 
Fig. 118, the grooves being of 
such form as to prevent the wheel Fig. no 
from leaving the wire and at 

the same time to give sulficient clearance so that the wheel will 
not bind when the (!ar is rounding curves. The wheels are pro- 
vided with graphite bushings so that they will be self-lubricating, 
and in some cases oil reservoirs are east in the hubs to furnish 
additional lubrication. The diameter of 
the wheels is determined by the speed 
at \vhich they are to be operated, larger 
wheels being used for higher speeds. 

The diameter is from 4 to 5 inches for 
low-speed wheels, and it may be 6 inches 
or over for use on higli-spccd interurban 
cars. Fig. 119 sho\vs in perspective the 
usual form of wheel used in cars of mod- 
erate size. A wheel used in cutting sleet 
from thfe trolley wire is illustrated in 

Catcher. The standard forms of ,jo. sp.ci.i p«m of Troiiv 
troBey catcher are more or less like wheel fotCutuiigSbet 

that shown in Fig. 121. The trolley rope is wound about a 
drum or reel mounted in an iron box on the back of the car. 
This drum is rotated by a spring of moderate strength, which 
keeps the slack rope wound up, but does not tend to pull the wheel 
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off the wire. On the drum is a pair of pawls, which are normally 
held close to it by springs. If, however, the rope is jerked sud- 
denly, as it is when the trolley wheel slips off the wire, the pawls 
are thrown outward by centrifugal force and catch m lugs which 
are cast in the back of the case. 

Retriever. A retriever is a device which not only catches the 
trolley rope but winds it up until the trolley wheel is below its 
normal position and, therefore, entirely clear of span wires and 
other obstructions. The usual form of retriever contains two 
springs, the tension spring for taking up the slack in the wire 
and the retrieving spring, much stronger than the other, for draw- 
uig the pole down Normally the tension spring only is in opera- 




Fig. 121. Fonn of Trolley Catcher with Drum and ltci‘I 

tion. When the trolley rope is jerkcfl, a centrifugal force is applied 
to a weight or governor which connects the reel with the retriev- 
ing spring and releases the latter. When the trolley wheel is 
replaced on the wire, the conductor draws out the rope, winds tlie 
retrieving spring, anrl latches it in its wound-up position rejuly for 
use agam. As compared with the simple catcher, the' retriever 
costs much more, but the expense is probably justified in high- 
speed work. 

Pantograph Trolleys. On some electric railways operating at 
high speeds pantograph collectors are used to avoid the possibility 
of the trolley leaving the wire and to collect heavier currents than 
are ordinarily commutated by wheel trolleys. Both roller and 
slider pantographs are used, the contact element being carried at 
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the top of a tubular steel-pipe construction which is held against 
the trolley wire by heavy springs. In the case of slider trolleys 



Fig. 122. Pan Fantagraph CoUapsod 


some lubricant, such as graphite, is usually employed to reduce the 
wear on the trolley wire and on tlie collector contact strips. 

During earlier days of electrical operation heavy electric trains 
were usually supplied by a third rail, owing to the inability of 
the wheel trolley to collect sufficient current for rapid acceleration. 
With the higher d.c. voltages, however, and by means of sliding 
pantographs having two collecting pans pressing against two 
trolley wires, it has been found possible to collect current in any 
amount required by electric trains. By this method each panto- 
graph, Fig. 122, represents four contact points, between which the 
current from the trolley wire is divided 
automatically. 

The roller pantograph. Fig. 123, is not 
considered suitable for very high-speed 
service on account of the unusually high 
speed at which the roller must revolve 
when operating in passenger service. This 
roller is mounted in roller bearings pro- 
vided with definite lubrication to avoid 
the possibility of the roller’s ceasing to 
revolve. 

Coriduit Plow. In congested city 
streets electric cars are sometimes fed 
through underground conduits installed 
between running rails. Current b carried 
to the trolley car from thb feeder by Fig. iss. roUw Putagnph 
means of a conduit plow, which b attached 

to the underframe of the car and projects through a narrow slot 
into the conduit. Two contact points, one on each side of the 
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plow, engage in a raceway between two conductors, from which 
the current is passed up through cable connections to the car 



Fiff. 124. Undcrsroiuid Conduit Plow Collector 


motors. A typical conduit plow, such as is used in the New York 
City street railways, is illustrated in Fig. 124. 

HEATERS 

Types. Electric cars are heated by electric heaters (coils of 
wire of fairly high resistance) and by hot water. The first method, 
although wasteful of power, is preferred in city cars on account of 
its convenience. 

Electric. Electric heaters are of the open-coil type. Fig. 125, 
or of the enamel type. Fig. 126. A heater of the open-coil type is 
merely a number of coils of iron or other high-resistance wire 
mounted on non-combustible supports, such as porcelain knobs. 
The coils are placed in a well-ventilated iron case to protect them 
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TABLE IV 
Car Heating Data 



length 
of Car Body 
(ft) 

AaiPEBBB 

Svitcb PontiooB 

1 2 3 

AveniRiM’oiKlitions. 

Severest eonilit ions 

[14 to 20 
20to2.S 
[28 to 34 

/18to24 

t2Sto.34 



from mechanical injury and to prevent ctmtaet with the clothing 
of passengers. 

The enamel heaters have the resistance wire covered with 
enamel and thus protected from the air. The enamel prevents 



Fig. 125. Opcn-Ci)il Type of Cor Heater 


oxidation and permits the use of higher current densities than the 
open-coil type without rapid deterioration of the wire. The 
enamel heaters are, therefore, more compaet and are used where 
there is little space. 



Fig. 120, Enamel Typo of Elcotrie Heater 


Electric heaters are usually provided with coils of different 
resistance and, therefore, with different heating ability. It is thus 
possible to graduate the amount of heat produced by means of 
switches in the heater circuits. A sample wiring arrangement is 
given in Fig. 127. 
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•TABLE V 

Heat Tests on Brooklyn Cars 



Cabs 


Teiipbbatdbb F 

CONSUHPTION 

Douni 

Windows 

Contents 
(cu. ft.) 

Outmds 

Average 
in Car 

Watts 

Amppres 
at SOU Volta 

\wm 

■9 

8501 

28 

55 

2205 

4.6 



8501 

7 

30 

2325 

4.6 



8081 

28 

40 

2180 

4.3 


12 

913} 

35 

52 

2745 

4.5 


16 

1012 

7 

46 

3038 

6. 

H 

16 

1012 

28 

54 

3160 

6.3 


*FoBter'ii “Klectrical Kagincera' Handbook” 


In Table IV is given data from the Consolidated Car Heating 
Company on the current required to heat cars, while Table V gives 
results of heating tests made on Brooklyn cars. 

Hot-Water. Hot-water heaters are frequently used on large 
electric cars. Hot-water pipes are placed along the sides of the car 
and c*oiinectcd with a stove containing hot-water coils at one end 



of the car. The water, as it is heated in the stove oi heater, 
expands and consequently becomes lighter per cubic inch or other 
unit of volume; it, tlierefore, tends to rise when balanced against 
the colder water in the car pipes. Hot water leaves the top of 
the heater, flows up to an expansion tank, then down through the 
car piping, and back to the bottom of the heater. The car piping 
slopes continuously down from the top connection to the bottom 
oonnectbn of the heater. At the top an opening to the atmos- 
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phere is provided through a small water tank, called an expansion 
tank. Tliis prevents water pressure bursting the pipes as they 
become heated and allows any steam that may have formed to 
escape. The most modern hot-water heaters for cars are com- 



pletely closed except the asli i>it at tlie bottom and a small feed 
door in the top. The latter is icK'ked so that the fire cannot come 
out even if the car is ti])pcd ov<t in a wreck. The pipes of a hot- 
water heating installation are shown in Fig. 128. 

LIQHTINQ SYSTEM 

Incandescent Lamps. The incandescent lamps on an electric 
car are usually coimccte<l in groups of five in series, the lamps 
being selected for the proper voltage to suit the average conditions 
on the sjTstcm. For example, if the trolley voltage is normally 
600, the lamps w'ill be designed for 12()-volt service; if the normal 
voltage is only 500, the lamps should be designed for 100-volt 
operation. Where incandescent headlights are used, the head- 
light forms one of the series of five lamps. T^sually there are two 
or more lamp circuits in parallel. A sample wiring diagram is 
shown in Fig. 129. 

Lamps for car lighting must be of a particularly sturdy con- 
struction to withstand the jars and vibrations incident to the 
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service. Tungsten lamps have been developed with a heavy well- 
anchored filament suitable for illuminating electric cars. The 
characteristic of the Tungsten lamp is such that the wide ranges 
in voltage common to trolley systems do not cause such wide 
variations in illumination as is the case with carbon lamps. The 
efficiency is also much higher, thus saving a material amount 
of power. 

Incandescent Headlights. For incandescent headlights a 
regular carbon or Tungsten lamp is used, mounted behind a 
semaphore lens or in front of a shallow parabolic reflector. In 
some cases it is desirable to obtain an improved illumination by 



the use of the concentrated-filament Iain]>. A cross-section t»f an 
incandescent headlight is shown in Fig. 130. The reflector is a 
drawn-steel jacket enclosing an open aluminum parabolic icflector 
which is highly polished. 

Arc Headlights. On iiiterurban lines it is essential that the 
headlight be of sufficient power to illuminate the road for some 
distajice ahead in order to give the motr>rman the greatest possible 
interval of time in which to stop the car after seeing an obstruc- 
tion on the track. This point will be appreciated when it is 
remembered that in order to stop a car traveling at 60 miles an 
hour, an intervening space of 1750 feet must be allowed. Head- 
lights may be constructed for both incandescent and arc operation, 
80 that an mcandescent headlight can be used in the city and an 


312 


ELECTRIC RAILWAYS 


121 


arc headlight on the outside lines. The arc lamp is usually of the 
luminous type, similar to the one sho^vn in Fig. 131, in which the 
lower electrode is of magnetite, which produces a brilliant white 


arc when heated to incandescence. The lamp is generally of the 
gravity-feed type, being controlled by a solenoid and plunger and 
connected in scries with a steadying resistance. In Fig. 132 is 
shown a method of connecting an arc headlight so that the lamps 



Fig. 130. Section of Iiicancloflcciit IlojulliKht Fig 131. Section of Arc Headlight 


a friction wheel operated by a knurled head. The operation 
of the lamp is as follows: the current flows through a control- 
ling resistance, through tlic carbons and across the arc, through the 
flexible connecting wire, and through the control magnet coil, all 
ill scries. The clutch is a piece of porcelain with a hole slightly 
larger than the upper carbon. The form of the clutch is seen in 
the illustration. At one end it is pivoted to a link connecting 
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with the lever operated by the magnet core; the other end is held 
in place by a spring. When the magnet coil is energized by an 
excessive current, the core is attracted and through the levers one 
end of the clutch is raised. It binds on the carbon and raises it, 
thus lengthening the arc. When the arc bums to such a length as 
to cut down the current by the increase of resistance, tlie coil 
releases the core, the clutch returns to the position shown, and the 
upper carbon slips dowm until the current is increased sufficiently 
to raise tlie clutch again, thas maintaining a constant arc length. 

As most intcrurban cars operate in both country and city and 
as the arc lamp is verj* objectionable in the city, a combination 
of arc and incandescent headlights is employed. The two lamps 



may be conveniently located in the same reflector, although in 
this arrangement it is impossible to have both lamps at the focus 
of the reflector. A two-way sv^itcli permits the niotorman to 
switch on whichever lamp is desired. 

Motor-Generator Set for Lighting. On sonic lines where the 
trolley voltage fluctuates through an unusually wide range it is 
desirable to install a small motor-generator set on the car, by 
means of which low-voltage current can be secured for the 
operation of 32 -volt lamps in the car. This sr‘t is so constructed 
that it will give practically a uniform voltage over a wide range 
in motor speed, owing to fluctuations in trolley voltage. By use 
of this low potential it is also possible to install the lamps in 
parallel circuits in the car so that each lamp is independent of 
the rest of the installation. This scheme has the additional 
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advantage of permitting the use of low-voltage Tungsten lamps, 
which have high efficiency and are of much more rugged construc- 
tion than the 110-volt types. 

CAR WIRING SYSTEM 

Fire Protection. The wiring diagrams studied earlier in the 
course indicate the motor and control circuits for handling the pro- 
pelling equipment of the car. In addition to these circuits, there 
are heating and lighting circuits, air-compressor circuits, and 
usually bell circuits. The method of installing the \rircs for 
handling these circuits is clearly outlined by the rules of the 
National Boarrl of Fire Underwriters. These recommendiitions are 
outlined with the view to securing the maximum possible i)rotec- 
tion against fire and are determined partly by the experience of 
the car opcTators and partly by suggestions from * insurance 
companies. 

As it is customary' for railway companies to insure their cars 
against hre, the insurance companies have practically the same 
jurisdiction over cars that they have over buildings, since they 
can refuse insurance w'hich is c'onsidcn'd an unnecessarily hazard- 
ous risk. Section 40 of the National Electric Uode covers car 
wiring and the equipment of cars. In order that the student may 
become familiar with this section of the code, it is given in full. 

CAR WIRING AND EQUIPMENT OF CARS 

Tlic following mips apply to all cars or loromotivps usod for olcctrio-railway 
service and cars or locomotivos for other niilway service which ore equipped with 
electric circiiite and oporaling <m either low- or high-potential systems. 

a. Protection of Car Body, Etc. 

1. Where the under side of car bodies Is composed wholly or in part 
of combustible material under which any a)>paratus is mounted, a protection 
of approved fire-resistiiig and heat-insulating material not less than i inch in 
thickness or sheet iron or steel not less than 0.01 inch in thickness must be 
provided as follows: 

2. Over motor trucks the protection must extend the entire width of 
the car and lengthwise of the car to a distance of at least 12 inches beyond 
the area under which the flexible motor leads, coidact-slioe leads, brake shoes, 
and motor, exclusive of gear case, may come in any operating position. In all 
cases fireproof material or sheet iron or sheet steel must have joints well fitted 
and must be securely fastened, and the whole surface must be treated with a 
moisture-repellant paint. 
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3. Over resistunces, contactors, lightning arresters, air-compressor 
motors, and other electrical apparatus and conductors, except where their 
casings provide approved protection for the car body, nonmctallic, fire- 
resisting, heat-insulating material must extend to the edge of the car or not 
lees than 8 inches beyond all edges of the devices. 

4. All conductors (except flexible motor leads, leads over grid resia- 
tance, and as provided in Section d, paragraph 7) on the under side of car 
bodies must be installed either in approved conduit or in approved, totally 
enclosed, fire-resisting ducts. Leads must bo brought out of conduits or ducts 
through approved fittings. 


b. Wires, Cables, Etc. 

1. All conductors must be stranded and must comply witn the require- 
ments of this Code for rubber-covered wires and cables. 

Fixture wire will not be permitted. 

The allowable e.ar:ying capacity of wires shall be determined by Table A 
of No. 18, except that motor, trolley, and resistance leatls shall not be less 
than No. 7 B. ^S. gage. For heater circuits and arc-headlight and air- 
compressor circuits conductors shall be not less than 6000 circular mils in 
cross-sectional area, and for lighting and other auxiliary circuits conductors 
shaU be not less than 4000 circular mils ju cross-sectional area. 

The leads between the car body and the main motors shall be flexible 
and triple braided. 

The current values used in determining the size of motor, trolley, and 
resistance leads shall be the per cent of the full-loud current, based on one- 
hour rating of the motor, iw given by the following tabulation: 


8iie of K:u‘h Motor 

75 hp. or less 
Over 75 hp. 


Motor 

Ijeadtt 

50 per cent 
45 per cent 


TroIIi'jr 

Lcadti 

40 i>er cent 
35 ])er cent 


l{PHi8t.mpf> 

Li>aclH 

!.■> per cent 
15 per cent 


2. Conductors must bn so spliced or joined as to be both mechanically 
and electrically secure without solder. ITie joints must then be soldered and 
covered with an insulation equal to that on the conductors. Joints made 
with approved splicing devices and those connecting the leads at motors, plows, 
(Jr third-rail shoes need not be soldered. 

3. Cable connections to all apparat:i.s, excepting ditim controlU-i s, must 
be made as follows: 

Cables not larger than No. 12 B. &S. gage must be attached: (a) by 
having all strands dipped in solder and clamped under a screw ^ head and 
against a metal base provided with a projection or lug for retaining the cable 
under the screw head; (5) by a flat terminal soldered to the cable and clamped 
to a base or post by means of a screw or nut; (c) by inserting all strands in a 
hole in a block or post and holding by a set screw; or (d) by other approved 
method of connection. 

Cables larger than No. 12 B. AS. gage must be attached: (a) by a 
terminal soldered to the cable and securely fastened to the device by a bolt 
or screw or by clamping; (6) the ena of cable may be held by a clamp so 
designed as to prevent a separation of the cable strands; (c) the end of the 
cable after the insulation is removed shall be dipped in solder and be fastened 


316 



ELECTRIC RAILWAYS 


125 


into the device by means of at least two set screws having check nuts; or 
(d) by other approved method of connection. 
e. Cutouts, Circuit-Breakers, and Switches 

1. Cutouts must bo of approved cartridge or approved blow-out type. 
Circuit'-breakers and switches, including oil circuit-breakers and oil switches, 
must be of approved types. 

2. All cutouts and switches having exposed live metal parts must be 
locate<l in cabinets. Cutouts and switehos not in iron boxes or in cabinets 
must be mountixi on not 1(*.hs than i-inch fire-resisting insulating material, 
which must project at least i inch lK*yond all sides of the cutout or switch, 

3. Cutout and switch cabinets must be substantially imide of steel not less 
than -in inch in thickness or of hanlwood. For cabinets containing switches 
or cutouts h:iving exposed live met.al parts the entire inside, including the 
door, must be lined with an approved firc-n‘sisting insulating material not less 
than 1-iiich thick, securely fast<*ned and treated with a moist ure-rei>ellant 
paint. 

4. Circuits carr>'ing constant loads, such as lighting and heater circuits, 

etc., must not be fusiHl at more than the rated capacity of tlu* cables as 
given ill Table A of No. 18. * 

5. Light, control, lu^ater, and auxiliary circuits may be taken off ahead 
of the mam power cutout, but must each be separately fiiswl. 

0. Circuit -breakers may be housed in a cabinet of metal or of wood 
lined with apirrovrd firt'-n'sist ing insulating matcri.al not l(>s.s than 1 inch thick. 
Care must be taken that the arc chute is placed so that the* are, will not come 
in contact with any woodwork or gnmnded metal. With lined wooden 
cabinets the conduit carrying the wires must end just outside the* cabinet. 

7. Where jiowit is derivcHl from both a third rail and an overhead 
trolley, a switch must he installed by wdiich the third-rail shoe may be cut 
out when not in use. 
d. Conduit 

When, from the nature of the case or on account of the size of the 
conductors, the ordinary conduit ami junction-box construction is not possible, 
a special form of conduit system may be usetl, provichil the general require- 
ments as here given are complied with. 

When conduit is used, outlets niiisl be providwl with approved outlet 
boxes, or when wires are fully prolecb'd from mechanical injury, the outlet 
box may be omitted and the conduit fittt'cl with au approved bell mouth or 
approved bushing. 

1. Omduits and outlets and junction bo.xes must be of approved tyi)c. 
Conduit for lighting, heating, and air-compressor circuits need not be 
larger than i-inch elcctrical-trade size. W'herc exposed to dampness, the 
f‘ouduit B}’stcm must be so installed as to exclude moisture from wheel wash 
and other causes. 

2. Conduit must bo oontinuous between and be firmly secured into all 
outlet or junction boxes and fittings, making a thorough mechanical and 
electrical connection between same. 

3. Conduits, where they enter all outlet or junction boxes and fittings, 
must be provided with approved bushings fitted so as to protect cables from 
abrasion. 
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4. Conduit must be permanently and effectively grounded. 

5. Junction and outlet boxes must be installed in such a manner as 
to be accessible. 

6. All conduits, outlets, or junction boxes and fittingc must be firmly 
and substantially fastened to the framework of the car. 

7. For a.c. circuits carrying over 150 amperes and located wholly below 
the car body conduit may be omitted. 

e. Raceways 

Raceways must be of an apjiroved type and may be installed only where 
not subject to moisture. Metal raceways must be permanently and effectively 
grounded. 

/. Lighting and Lighting Circuits 

1. Receptacles and clusters must be of approved type. 

2. Circuits must be run in approred conduit or approved metal raceways, 
except that for circuits of 7(X) volts or less conductors may be installed in 
approved nonmctallic raceways. 

3. When conduit or metal racv‘ways are used, receptacles or clusters 
must be mounted on apprtwed outlet bcA'cs or in other approved manner, and 
the exposed metal parts must be thorcughly groundtHl. 

4. When circuits are rim in nonmetollic raceway's, receptacles or clusters 
must be mounU'd on blocks of hardwood or fire-resisting insulating material. 

B. Headlight circuits, when under tho car body, must lio in conduit. 
Resistance must be well ventilntc'd and mounted os specified in Section a. 
Plugs and plugging receptacles must be of approved type. 

6. Lamp or voltage regulators and controllers for axlc-drivcn or power- 
driven generator equipments for car-lighting service must he installed in 
approved cabinets and ventilated. 

7. Storage batteries for car lifting or car control must be installed 
in an approved manner. 

g. Heaters and Heater Circuits 

1. Heaters must be of approved type. Metal enclosures must be 
thoroughly grounded. 

2. Panel heaters should preferably be mounted in metal risers set hack 
at least 4 inches from front edge of seat to prevent pocketing of heated air 
by clothing of passengers. 

The heating clement must be locatifl at ]ea.st 4 inches from all unpro- 
tected woodwork. If the woodwork is protected by at least J-inch thick, 
approved, fire-resisting insulating material, this distance may be reduced 
to 2 inches. 

3. Heaters for cross seats must be so located that heating element will 
be at least 6 inches below combustible material of seats, unless under side 
of seat is protected by not less than i-inch fire-resisting insulating material 
or 0.4-inch sheet metal with l-inch air space over same, when the distance 
may be reduced to 3 inches. 

4. Circuits must be run in approved conduit, and connection of wires 
to heater must be protected from mechanical injury. 
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h. Auxiliary Motor Circuits 

1 . Motor frame must be thoroughly grounded. Motors when in a confined 

space must bo in an approved metal box or a wooden box lined with I-inoh 
fi^resisting insulating material and ventilated. ^ 

2. Circuits under car floor must be run in metal conduit. 

3. Aip^ompressor governor must be of the enclosed type or must be 
enclosed in w approved cabinet or box. 

». Main Circuits and Devices 

1. Conductors connecting betweem trolley base and main cutout or 
circuit-breakers must have an insulation approv^ for the voltage carried and, 
where run lengthwise of the car, must be run on a wooden strip mounted on 
l-inch filler blocks located at such a distance apart as to allow water to pass 
frcfdy under it. The running board may be used for this purpose. The 
trolley lead must be securely fastened to the trolley base and must be arranged 
to prevent the entrance of moisture where passing throu^ roof. 

2. Current collectors, such ns trolly stands, pantographs, third-rail 
shoes, etc., must be supported on well-seasoned and thoroughly painted hard- 
wood or other insulating supi)orts approved for the voltage carrictl. 

3. Conductors connecting betwe^ third-rail shoes on same truck must 
be supported in a hardwood or insulating raceway or in metal conduit. If 
the conductor is run in conduit, it must be fused as near as possible to the 
contact shoe before entering the conduit. 

4. Conductors on the under side of the car must be run in metal con- 
duit. Junction boxes or other approve fittings must be installed where 
branches in conduit arc made. Main cables brtwet>n controllers (at either 
end of the car) may be in cable box(» in the interior of the car. Cable boxes, 
if of wood, must be at least | inch thick, lined with }~iach. fire-resisting 
insulating material, with approved fioor bushings. 

Cables or power circuits, where exposed under car floor, must be run in 
meta.1 conduit, terminating with approved bell mouths or bushings. Conduits, 
\ihcre they terminate above the car fioor must project at least 1 inch above 
the floor line of the car body or platform. 

5. Motor leads where leaving the motor shell must be snugly and well 
hushed with high-grade rubbcj bushii^. Motor leads must be ri^dly sup- 
ported on the motor frame by hardwood or other approved cleats. Motor 
leads must be comu'ctod with cables on cur body by approved connecting 
devices. Motor leads must be fastened to car body by hardwood cleats 
placed on each side of the motor-lead connectors; or motor leads may be 
connected to cables on car body in an approved form of junction box. 

6. Resistances must bo so located that there will be at least 6 inches 
air space between resistance proper and the fire-resisting insulating protection 
of the combustible material of the cor. Resistanro grids must bo thorough 
insulated from resistance frames; and frames must be insulated from supports. 

The insulation must be removed from conductors for at least 6 inches 
back from resistance teiminaL The bare stranded wire must be filled with 
solder to make it rigid. 

7. The frames of all electrical apparatus under the car, except the main 
and auxiliary motors and transformers, may be insulated from the car framing. 
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8. Metal cases and frames of controllers located above the car floor 
must be thoroughly grounded. 

9. When necessary, guards constructed of sheet metal must be provided 
to protect the resistances and other devices from wheel wash, dirt, etc. 

j. Lightning Arresters 

1. Lightning arresters must be so located as to protect all auxiliary 
circuits in addition to main motor circuits and must be connected ahead of 
all metal conduit or raceways. 

2. Lightning arresters must have on adequate ground connection of not 
loss then No. 12 B. & S. gage wire run in as straight a line as possible to the 
ground, and must be properly protected from mechanical injury by fire-resisting 
insulating raceway or wooden raceway. 

3. Circuit for lightning arresters need not be nin in metal conduit. 

k. General Rules 

1. Insulating joints must be provided below the top of the ear roof in 
whistle or smoke pipes which project above the level of the ear roof, or 
projecting portions of such pipes must be surrounded by a siihstantiiil guard 
or cage not in electrical connection with such pipes. 

2. All coal-buriiiiig heating devict'r* must be thoroughly grounded. 
An adequate insulating cover over hot-watt r tanks projecting above csir roof 
imuit be provided. 

MECHANICAL AND ELECTRICAL DEVICES 

Drawbars and Couplers. As cars arc frequently used in trains, 
some provision must be made for coupling tliem together. This 
matter is of such importance that the American Electric Railway 
Association has given it special attention, particularly with a view 
to slaiidartliziiig the heights of couplers so that all ears of a given 
class may Ik' etmpled. In Fig. 133 are shown the arrangements 
rec*ommeiided by the Assneiation, not only for couplers but for 
steps and bumpers. 

The coupler for electric cars differs somewhat from tha; used 
in steam practice because such cars must round sharp curves, hence 
the coupler must have considerable .sidewise play. 

For small surface cars a crude drawbar is usually provided, 
consisting simply of a straight iron bar pivoted under the car and 
provided with a cast-iron pocket near the end. A coupling pin, 
passing through the pocket of one coupler and through a hole in 
the end of the bar of the other, holds the two cars together. 

The requirements of a coupler for heavier cars such as those 
used on interurban and elevated roads and in subways are more 
exacting. The ends of the bars are usually pivoted under the car 
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Fig. 133. Dvtdllfl of Coupler, Steps, and Bumpera of an Electric Car 
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about 5 feet back from the bumper. This is shown clearly in Fig. 
134, which represents an adaptation of the standard M.C.B. coupler 
to interurban electric-railway conditions. This will be recognized 
as a modified Janney coupler, familiar in steam-railroad practice. 



F!g. 131. Plan and Elevation of Standard M.C.B. Coupler 


The coupler consists of a steel drawbar about 4} feet in length. 
It 'is pivoted from a strong bracket, which is bolted firmly to the 
center sills of the under frame. It swivels on a pin carried by this 
bracket. At the opposite end of the drawbar is a knuckle which 
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couples with a similar knuckle on the next car. The vertical 
dimension of the knuckle face is large, say 10 inches, so that cars 
may be coupled even if their couplers arc not exactly on the same 



Fig. 135. Drawbar of Simple Coupler 


level. Tlie weight of the drawbar at the outer end is supported 
by a curved carrj'ing-iron bolted under the bumper. This coupler 
is partly automatic in its action as the two knuckles take the 
relative positions shown in the dotted lines in the upper part of 
Fig. 134. They are locked and unlocked by a simple lever system 
operated by the handles shown in the lower part. It is not neces- 
sary for the operator to go between the cars. 

An important feature of these automatic couplers is the spring 
cushion at the pivot end of the bar to prevent excessive shock 
when two oars come together. It is evident that the couplers have 




to take the entire shock in this case. The spring cushion is 
shown in Fig. 134 and still more plainly in Fig. 135, which shows 
the drawbar of a VanDom coupler. 
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As this illustration and Fig. 136 indicate, the VanDorn is a 
link coupler, which automaticaUy couples and which is ordinarily 
uncoupled by withdrawing one of the pins. The head consists of 



Fig. 137. Section of Pneumatic Sander 


a rectangular flat-faced pocket, inside of which is a laminated 
spring. Holes are provided for dropjiing the rather flat coupling 
pins into position, 'ilie links and pills art^ of drop-forged steel and 
have the form shown in Fig. 136. The uppermost drawing in this 
illustration represents a section of a complete coupler with the 
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Fig. 138. Tyincal Rheostat with.Caat-Iron Grids 


link firmly locked in position. Before coupling, the pin was placed 
in the right-hand head in the position shown and then the two 
heads were brought together. The link pushed its way into the 
other head, pressing back the spring, as shown in the middle 
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drawing, and hooking itself over the other pin, which had been 
previously placed in the position indicated. When hooked over 
this pin, the coupling of the cars is complete. There are numerous 
modifications of this coupler but these are the essential features. 

Track Sanders. A sprinkling of sand on the rails increases 
the adhesion .between the rails and wheels. Some provision is 
usually made on cars for scattering sand on the rails immediately 
in front of the leading wheels. From sand boxes placed under the 
seats in the smaller cars or on the trucks of the larger ones fiexible 



Fig. 139. nhcoatat with Gnda and Other Parte Duplayed 


hose or pipes drop WMthin an inch of two of the rail in front of 
the Icaciing wheels. A valve under the control of the motorman 
regulates the flow of sand to the rail. Sometimes air pressure is 
used to blow the sand out of the sand box into the hose. In such 
a case air pressuro is obtained from the air-brake system, and an 
air valve leading to the sand box is placed in the motorman’s cab. 
A section through a pneumatic sander of this kind is shown in 
Fig. 137. Sand for use as above described has to be dried very 
carefully in order that it may flow freely. 
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Rheostats. The starting resistance is provided by rheostats, 
which are mounted under the car. An excellent type of rheostat 
for this work consists of cast-iron grids of the form shown in Fig. 
138. Fig. 139 gives details of a rheostat with a slightly different 
form of grid. Each grid is a zigzag strip of iron with eyes on the 
ends and in the middle. The eyes form the supports for the grids 
and at the same time permit convenient connection of the grids 
in series. The grids are covered with nonoxidizing metal to pre- 
vent rust, to which they would be liable on account of their 
exposed location. The grids are assembled on micarinsulated bolts 
between end castings. In order to connect them in series, mica 
insulating washers are placed between alternate eyes on each side 
and between all the center eyes so that the current is obliged to 
flow through all the iron strip. Parallel connection of grids as 
well as series can be made by ]>ropcrly placing the insulating 
washers. Electrical connection to the grids is made through brass 
terminals of the form shown. These are provided with prongs 
which slip in between the eyes at the proper points, being held 
firmly in place by the clamp bolts. 

The cast grids are made in standard sizes having resistances 
from about ohm each. Any desired niunber of grids can 

be assembled in a frame by using the proper bolt lengths. The 
low-resistance grid mentioned 'will carry 75 amperes continuously 
or 150 amperes in intermittent service, such as is usual in car 
operation. The high-resistance grid will carry 30 and 50 amperes, 
respectively. The ventilation of these grids is good, as there is 
ample air space between the iron strips. 

Canopy, or Hood, Switch. An overhead switch, sojiietimes 
called a canopy sw'itch, is commonly placed over each street-car 
platform where a controller is located, usually in the hood, or 
canopy, above the motorman’s head. This is simply a single- 
point switch that may be used by the motorman to cut the trolley 
current off from the controller wiring so that the controllers will be 
absolutely dead. When two switches of this description are used, 
one on each end of the car, they are connected in series with each 
other. 

Car Circuit-Breaker. Frequently on large equipments an 
automatic circuit-breaker is provided instead of the overhead 
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switch. This circuit-breaker can be tripped by hand to open the 
circuit whenever desired. It is equipped with a solenoid magnet, 
which* can be adjusted so that it will trip or open the circuit- 
breaker at approximately whatever current it is set for. This 
circuit-breaker protects the motor and car wiring from excessive 
current, such as would occur in case of a short-circuit in motors or 
car wiring or in case the motorman turned on current so rapidly 
as to endanger the windings of the motors. Circuit-breakers, how- 
ever, are most commonly used on cars having controllers located 
at only one end in a motorman *s cab. A typical automatic circuit- 
breaker is illustrated in Fig. 140. 



rig. 140. Typiral Antoniatir Cirruit-Orpaker 


Fuses. A fuse is placed in series with the motor circuit 
between the trolley and the controller wiring. When circuit- 
breakers are use<l instead of canopy switches, the fuse box may 
sometimes be dispensed with. The fuse box on street cars is 
usually located underneath one side of the car body where it is 
accessil)le for replacing fuses, but when a motorman’s cab is used, 
the fuse may be placed in the cab. The fuse may be of any type 
in common use, either open or enclosed. 

Lightning Arresters. Lightning arresters are used on aU cars 
taking current from overhead lines. The lightning arrester is 
connected to the main circuit as it comes from the trolley base 
before it reaches any of the other electrical devices on the car, so 
that it may afford them protection. One terminal of the lightning 


827 



136 


ELECTRIC RAILWAYS 


arrester is connected to the motor frame so as to ground it, and 
the other is connected with the trolley. In most forms of light- 
ning arresters a small air gap is provided, not 
such as to permit the 500-volt current to jump 
across, but across which the lightning will jump 
on account of its high potential. To prevent 
an arc being established across the air gap by 
the power-4iouse current after the lightning dis- 
charge has taken place and started the arc, some 
means of extinguishing the arc is provided. In 
the General Electric Company’s lightning ar- 
rester the arc is c|[tinguished by a magnetic 
blow-out, which Ls energized by the current that 
flows through the lightning arrester. The instant 
the discharge takes phu*e the current flows across 
the air gap. TIio in ignetic blow-out extinguishes 
tlic arc, and this opens the circuit, leaving the 



Rg. 142. Aluminum-Cell Lightning Armter for 1200-Valt Cut 


arrester ready for another discharge. In the Garton-Daniels light- 
ning arrester. Fig. 141, a plunger contact operated by a solenoid 
opens the circuit as soon as current begins to flow through the 
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arrester. This piunger operates in a magnetic field, which extin- 
guishes the arc. 

AluminurnrCeU lAghtning Arrester. In localities where light- 
ning storms are severe the aluminum-cell arrester is used on trolley 
cars. This arrester consists of aluminum plates immersed in a 
suitable electrolyte contained in glass jars, Fig 142. The number 
of cells is varied to suit the trolley voltage. This arrester works 
on the same principle as the larger station arresters of the alu- 
minum-cell type. Under normal conditions the arrester has a 
high resistance and a very small current flows, forming a film of 
aluminum hydroxide over the surface of the plates. When a 
high-voltage discharge is applied, however, the film breaks down 
and the lowered resistance allows the current to pass through the 
cell to ground. The aliiminiiin-cell type is self-healing and is 



Fir 14H. J'HrulIol f'uiiiioclioiw for Choki* Coila ainl Cirruit'Dreakpra 


imiiicdiatcdy ready for the next discharge. The action of the 
arrestei* is thus analogous to a steam safety valve. This arrester 
requires occasional inspection and costs more but is more reliable 
than other types. 

Choke Coil. A choke coil, consisting of a few turns of wire 
around a wooden drum, is placed in the circuit leading to .the 
motors at' a point just after it has passed the lightning-arrester tap. 
This choke coil is for the purpose of placing self-induction in the 
circuit so that the lightning wall tend to branch off through the 
lightning arrester and to ground rather than set'k a path through 
the motor insulation to ground. Often, however, the choke coil is 
omitted, the coils in the circuit-breaker and the blow-out coil in 
tlic controller being depended upon to prevent the lightning charge 
from passing. 
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Wiring of Circuit-Breakers and Canopy Switches. The 
methods of wiring circuit-breakers and canopy switches for double- 
end cars are shown in Figs. 143, 144, and 145. 



In the parallel connection. Fig. 143, the trolley leads after 
passing through the choke coils go din'ctly to the blow-out coil 
of the controllers. Aside from the fact that two lightning arresters 
and choke coils are required, this method is preferable for auto- 
matic circuit-breakers. 

Hand-operated circuit-breakers connected in series are illus- 
trated in Fig. 144. This method is usckI where nonautoinatic 
breakers are employed, but for automatic breakers it has the 
objection that an overload would throw the breaker, if set at the 
lowest point. This breaker might be at the opposite end of the 
car from the motorman, in which ca.se he must go the length of 
the car to set it. 



Fig. 145. Parallol Conneetiona of Circiiit'Drcokc's, Ki>c|uiring But 
One Ughtning Arrester 


A. method of parallel connection requiring but one lightning 
arrester is given in Fig. 145. The method, however, gives the 
motorman no assurance that by throwing the breaker located 
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above him the power will be cut off, for the rear breaker may 
have been left set. 

MECHANICS OF CAR MOVEMENT 

Analysis of Car Movement A car has to be (1) brought up 
to speed, or accelerated; (2) maintained at speed; and (3) brought 
to rest, retanled, or decelerated. In addition it may be allowed to 
coast, or run without powder. 

There are several resistances which must be overcome in tlie 
foregoing operations, namely, friction* (iiic‘ludiiig resistance due to 
curves); grade resistance; and resistance to acceleration. 

Friction. h'Viction requires a tractive effort which increases 
somewhat with the speed. An averagi' value for electric cars is 
about 20 pounds per ton (2000 pounds). Where great accuracy' 
is desirctl in this item, it is nec-essarj’^ to use a formula which has 
iMjen dcrivctl from experiment. Such a formula is the following, 
worked out by W. N. Smith. 

«= 3 +0. 1 67 1 ■+0.(XVJ5y V 

wherein R is the resistance in pounds per ton; V is the speed in 
miles per hour; .1 is the vertical cross-sectional area of the car in 
square feet plus onC":half the vertical area from car floor to rails; 
and T is the weight of the car in tons of 2000 j)()unds each. 

Kxnmylv. What tractive effort will be requireil to maintain a uniform 
speed of 35 miles per hour on a level track with a 20-ton car whose cross- 
dcctional area is 100 square feel? What mechanical power is developed 
at this speed? 

Applying the Smith formula givc*s 

l(X) 

fe=3+(0.167 X35)+(0.()025 -~X35*) *24.15 lb. per ton 

20 

Total tractive effort=21. 15 X 20 — 483 lb. 

The flower is the number of foot i)uunds ]>er minute divided by 33,000 
^the number of foot pounds per minute in 1 hp.). 

483 X35 X5280 , 

Ijn, s«45.1 

^ 33000 X60 

Amt. 483 lb. 

46.1 hp. 

* The frictional nMii>tanoe oppoaing the motion of the car is made up of acvcral components 
llnnsc, a gearing and binring friction, and air rcsiatance. The last increases rapidly with the 
Mpind, while the others are nearly independent of it. All of those differ from sliding friction, aucu 
as that between brake ahoea and wheels, which decreaaas aa tlie speed increases. 
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Curve Resistance. Curve resistance may sometimes be of 
importance. The usual method of allowing for it is to consider 
that there is a certain amount of resistance per ton per degree 
of curvature, say 0.7 pound. The number of degrees of curvature 
is the angle between two radii of the curve drawn at the ends of 
a chord 100 feet in length. In terms of the radius r the angle 

50 

of curvature is twice the angle of which the sine is — This 

r 

relation is shown diagrammatically in Fig. 146. 


Examine. W'hut is the eurvatuni of a curve the rtuliiis of whiuh is 
100 feet? What additional resistance is cuiiserl by this curvature? 

As explained 

oO 

Sine of J the anKlc=-^ = 3- 



From the table of sines this is 
found to be the sine of 30 de- 
KTet^d. The angle of curvature 
is, tlu'refore, 60 degret's. 

The adflitional resist aiiiM* is 
ns follows; 

/? -0.7X150=42 lb. per ton 
Ans. 60 degriK's 

12 lb. per ton 

Grade Resistance. 

Grade resistance is simply 
the tractive effort in the 


direction of car motion necessary' to overcome the effect of gravity. 
It is numerically eqinil to the product of tlie weight of car in 
pounds and the gnide in per ct'iit divided by KM). 

Example. Wluit tractive offort is necessary to overcome graue resistaiiiH' 
on a grade of 10 per cent with ,thc 20-ton car us(h 1 in previous e\aiiiplcs? 


10 

= 20 X 2000 4000 lb., or 200 lb. [ler ton 


Am. 200 lb. ])cr ton 


Acceleration Resistance. A body resists any change in speed 
on account of the property of inertia. Thus, if at rest, it tends to 
remain so; if moving with a given velocity, its tendency is to 
maintain this velocity. By definition, force ie the cause of accelera- 
tion of a mass. The unit of force is that which will produce unit 
rate of acceleration (in other words, unit rate of increase in speed) 
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in a unit of mass. But what is a unit of mass? This is a matter 
which has to be arbitrarily chosen by the government. The unit 
so chosen is the avoirdupois pound. Tlie corresponding value of 
the unit of force will depend upon the kinds of units in which the 
acceleration is esg^ressed. It is customary' in this country to 
express acceleration in feet per second jxt second. That is, if the 
velocity of a body increases 1 foot p€T second every second, it 
may be said to have unit aer%‘leration. A force w^hich pnxluces 
this acceleration in a mass of I pound is sometimes called a 
poundal. The poundal, while a gotxl scientific unit of force, is 
not in common use. It is the custom to speak of force in pounds, 
using the word “ixiund” here to mean the force with which the 
earth attracts a mass of 1 pound. This force is not proportional 
to the mass, for it is clift'creiit in different places. Itjs greater at 
the north pole than at the eejuator, fur the radius of the earth is 
shorter at the former. One pouiul of mass would weigh very 
little on the moon if the weight wen; determined by a spring 
balance c'alibratcd or graduated on the earth, etc. 

It is found by experiment that the earth, in most inhabited 
parts, excTts such a force on 1 ]H>iind of mass ns to impart to it an 
acceleration of about .‘12.2 fret pcT second pf*r second. If, there- 
fore, it is dtjsired to Use the expression “pounds of force,^’ meaning 
by “a ])ound of force” the force exertwl by the earth on 1 pound 
of mass at a given point on the earth’s surface, it must be remem- 
bered that this is equal, in poundals, to the acceleration due to 
gravity at tliat point. For practi<*al purposes it can be assumed 
that a “pound" of force is about 32.2 poundals. It is in this 
sense that the horizontal effort of a motor has been used up to 
this point. 


Exaiifftle. A stnM*t car wciglis 40,000 poiinrls. It is desired that it reafsh 
a speed of 20 miles jx'r hour in 20 seconds. How much force must be applied 
in poundals; in ]M)iinds? 

Apply the formula 

F^MXa 

in which moss M is in pounds and acceleration a is in feet per second per 
second. 


20 

F-40000X— X 


5280 

3600 


58667 poundals 
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The corresponding force in pounds on most parts of the earth’s surface is 


„ 58667 


32.2 


1821 lb. 


Ana. 58667 poundals 
1821 lb. 


In railway ivork it is usual to use as a practical unit of accelera- 
tion 1 mile per hour per second, and in the preceding example the 
acceleration W’as 1 mile per hour per second. The student must be 
careful to reduce the accclcriatioii to feet per second per second 
in using the number 32.2 because this is the acceleration due to 
gravity in feet per second per second. 

Braking. In bringing a car to rest the same principles apply 
as in ac«'leration. The tractive effort exerted by the brakes in 
deceleration is the tangential frictional force on the brake shoes 
if it is assumed that the wheels do not slip on the rails. The 
formula used in detennining the ac celerating force is applied in 
this case as well, but it must be remembered that the decelerat- 
ing force is in a direction opposed to that of the motion of the 
car. The force found by the formula docs not have to be all 
supplied by the brakes, for the friction of the bearings, etc., 
assists the brakes in bringing the car to rest. It must not be 
forgotten that the (le<rlerating force as calculated is gross. Also, 
any resistance which has to be overcome must be added to the 
decelerating font*. 


Examples. 1. ^^’hat tractivo effort must bp exerted by the brakes to 
bring the 4n,0Q0>pr)und car to rest from 20 miles per hour in 20 poconds? 

Applying the formula gives the derelemting force as .'>8,(i'*7 poundals, or 
*1821 pounds. If it is assumed, for convenipnee, that the friction is 20 pounds 
per ton, a total of 4(X) pounds, the net force wliich must be npplii‘d by the 
brakes is 1821—400, or 1421 pounds. 

Ans. 1421 lb. 

2. Determine what total force is available to bring the cur to rest going 
up a 5-per cent grade with the same force as before applied by the brake 


shoes. 

Cinadc resistance, 40000X0.05 2000 lb. 

Friction resistance, 20X20 400 lb. 

Deceleration resistance 1421 lb. 

Total force available 3821 lb. 


Aru. 3821 1b. 

3. What time would be required to bring the car to rest on a 5-per 
cent grade without application of the IvakeeT 
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It has brcn seen that the gross decelerating force needed to bring the 
car to rest in 20 seconds is 1821 pounds. But the grade gives 2000 pounds 
and the friction 400 pounds, a total of 2400 pounds, when but 1821 are 
needed. Evidently the car will come to rest in less than 20 seconds. Apply* 
ing the original formula, the rate of deceleration corresponding to 2400 
pounds retarding force is 


• 2100X32.2 3600 
4(K)00 ^5280° 


1.32 miles per hr. per sec. 


At this rate the car would lose a speed of 20 miles pt^r hour in 


20 


1.32 


'15.2 sec. 


Arts. 15.2 sec. 


In the calculation.^} a unifoim deceleration is assumed for 
simplicity of calculation, and no great error is involved in so 



doing. It is interesting, however, to note the actual values 
obtained from tests. In Fig. 147 are shown the results of such 
tests. The curves illustrate the important fact that the speed 
falls off more slowly at high speed, owing to the lower coefficient 
of friction. With air brakes it is possible to so graduate the air 
pressure as to produce a practically uniform deceleration if there 
is any particular reason for having tliis. The curves show clearly 
the duration and the distance of braking in each case. Tlie very 
quick stops, or emergency stops, show what can be done if neces- 
sary, although such stops are uncomfortable for the passengers 
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and racking to the equipment. The rate of braking in these 
cases averages 3.3 miles per hour per second, while that for the 
slower stops is 2.3 miles per hour per second. The gross braking 
forces arc, respectively, 120 and 84 pounds per ton. 

Coasting. Whenever a motorman finds that he can make 
satisfactory speed without power, he cuts the latter off and 
“coasts,” or “drifts.” The car loses speed by the process, and 
this loss of speed can be calculated by means of the acceleration 
formula. For example, if the car is on level tangent track, the 
decelerating force is simply the friction. This has been assumed 
to be 20 pounds per ton. If this be assumed constant, the total 
decelerating force is 400 pounds, from which the rate of decelera- 
tion is calculated as 0.22 miles per hour per second. The car 
will lose 1 mile per hour of speed every 4.54 seconds. 

Applications of Principles of Mechanics to Series Motors 
Mounted on Cars. In practice it is impossible to secure uniform 
acceleration in a car because the counter-e.m.f. of the motors 
increases with the speed and cuts down the current. If the cur- 
rent could be kept uniform, it would be possible to apply a 
c:onstant gross accelerating force. Even then the nd accelerating 
force would not be constant becatise the frictional resistance 
increases with the speed. For the present the latter item will be 
neglected, however, as it is not of very great importance except 
in high-speed cars. 

The problem is now to determine a curve between time and 
speed for a given equipment by combining the principles already 
carefully studied .separately. 

Acceleration Curves. Referring now to the curves of the 
motor. Part I, Fig. 48, it is evident that for every current there is a 
corresponding tractive effort with the given gear ratio and diameter 
of wheels. The. motorman controls the amount of the' starting 
current by the speed at which he "notches” out the starting 
resistance. In the automatic multiple-unit control systems this 
is done by the throttle relay automatically. A good motorman 
should be able to cut out the resistance on his car at such a rate 
as to maintain the current yer matof at a fairly uniform value. 
Of course, in the parallel position the car draws approximately 
twice the current that it does in the serips position. Some cars 
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do not draw uniform current even with the best of care on the 
part of the motorman. This is due to the incorrect arrangement of 
the resistances on the various notches, which should be corrected 
to ensure the best results. 

After the motorman has cut out all the resistance he has no 
further control of the acceleration, and the current falls off as the 
counter-e.m.f. of the motor rises with increase of speed. The 
problem is to determine the rate of acceleration at various parts 



of the speed curve and from this to determine the speed at the 
various points. 

In Fig. 148 is shown such a curve. It is divided into two 
parts: (1) where the speed increases uniformly with time (con- 
stant acceleration); (2) where the speed increases more slowly 
owing to the decrease in current (decreasing acceleration). 

Assume that the starting current allowed is 70 amperes per 
motor. From the motor curves, Part I, Fig. 48, this is found to 
correspond to a tractive effort of 1030 pounds. If two of these 
motors are put on the 20-ton car, the total tractive effort for the 
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two motors is 2060 pounds. Assume that the resistance due to 
friction is 20 pounds per ton and that the car is on level tangent 
track. No allowance need then be made for curve or grade 
resistance. 

Applying the acceleration formula, page 141, after deducting 
400 pounds for friction, the acceleration is 0.91 mile per hour per 
second; that is, the speed will, for example, increase by 9.1 miles 
per hour in 10 seconds. A straight line can be drawn through 0 
and the speed at 10 seconds, giving the slope of the first part of 
the curve. Fig. 148. 

Next determine how long this acceleration can be kept up. 
When the motormrn has cut out all the resistance, the speed 
must correspond to the current as given by the current-speed 
curve. This is not true while the resistance is in series with the 
motor, for the resistance cuts down the natural speed for a given 
current. Therefore read on the diagram the speed corresponding 
to the assumed starting current, 70 amperes. In the assumed 
case this is 14 miles per hour, and prolonging the line to the 
point P shows that the uniform acceleration has continued for 
16.4 seconds. 

Next determine, point by point, the shape of the speed curve 
beginning at the point just obtained. This must be done graphi- 
cally. Assume an increase of speed to a value slightly above the 
first speed, say 15 miles jxjr hoiu*. During the brief time in which 
the speed has been increasing the average speed has been 


Average miles per hour 


ll’hlo 


2 


14.5 miles per hour 


Looking now at the motor curves. Fig. 48, Part I, it is found that 
the current corresponding to this average speetl is 60 amperes and 
the tractive effort is 840 pounds per motor. The corrcsjjonding 
acceleration is 0.70 mile per hour per second. Beginning witli 
point P, lay off a straight line at such an angle as to correspond 
to the calculated acceleration. It is assumed here that the accel^ 
eration will remain uniform during this short period. Continuing 
in this way step by step, finally an approximate form of the 
speed curve is obtained. With a French curve these points can 
be connected by a smooth line. For the most accurate work the 
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points should be chosen very close together in the part of the 
curve where it is bending rapidly. 

The dotted line NNt Fig. 14S, is the ultimate speed of the 
car after all the acceleration is over. This is determined by assum- 
ing that all the tractive effort is used up in friction resistance, 
^ the speed being then read directly from the curv’es. In this case 
it is 24 miles per hour. 

Distance Curve, The speed cur\'e leads directly to the distance 
curve, for, as distance is the product of speed and time, the 
distance up to any time is the area under the speed curve up to 
that time; in other words, it is the product of the time and the 
average speed. The area can be determined in various ways, for 
example, by counting the squares under the curve when it is 
plotted on cross-sec*tion paper. 

Cvrrent Curve. Up to the jMunt where resistance is all cut 
out the current has the assumed value per motor. In practice 
it is not unifonn but follows a zig/^ag line while the controller 
handle jumps from notch to notch. Its averagt^ value is, however, 
that from which the acci»Icration was calculated. At any other 
time the current is obtained from the current-speed curve of the 
motor direct, and it has been plotted for the assumed case in 
the illustration. 

Power Curve. As the e.rn.f. is constant, it is possible to obtain 
the powTF at any time by multiplying together the current and 
the e.rn.f. This gives the power in w'atts, from Avhich the kilo- 
watts or electrical hp. can be derived by multiplying by the 
proper constiints. 

Data from Hoad Tests. In Fig. 149 are given in graphical 
form the results of a test of the equipment of an interurban car, 
made in regular service. It is especially valuable in permitting a 
comparison of the fonns of the curves as calculated and as 
obtained under ser\dce conditions. The upper line shows the line 
volts, which are the same as the motor volts when the motors 
are in parallel without starting resistance. The motor volt line 
indicates how the e.m.f. across the motor terminals increases as 
the starting resistance is cut out. The motor ampere line, on the 
other hand, coincides with the car ampere line when the motors 
are in scries, for in this case the same current flows through both 
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motors. The speed line is wavy on account of the change in 
profile, but it is fairly constant after the period of acceleration 
IS over. It will be noted that there is not the same form of 
acceleration curve as was obtained by calculation, but a glance 
at the Current Per Motor line will show why. The current per 
motor was not kept constant by the proper manipulation of the 
controller. The lower lines show the profile and alignment. The 
profile shows the grades upon which the car was operating at the 
times indicated at the base of the chart. The grades are marked 
in per cent, the sign + being used to designate an upgrade and 
the sign — a downgrade. The track alignment shows w-here the 
curves are located, the degrees of the ciir\’os, and the direction 
of their deflections. 

MAINTENANCE OF ROLLING STOCK' 

Importance of Repairs. In order to ensure the best service 
from the car equipment, it must rt'ccivc can'ful iuspection and 
repair. Oil requires replacing, brushes must Iw renew<*d, etc. 
Repairs of all kinds must be made promi)tly to prevent further 
injury to the equipment. 

Oiling. Proper bearing lubrication is of prime importance 
l)ecause a dry bearing >vill not only ruin itself but it vrill cause 
waste of power. Good mcMlem practice seems to favor oiling on 
a mileage basis, the number of miles between oilings depending 
upon the make of motors, as the later types have better accom- 
modations for the oil. Ilic armatui'e-bearing mileage will vary 
from 600 to 1000 for the older motors and may be as high as 
3500 in the newer ones. The axle bearings will operate from 1000 
to 2000 miles between oilings. 

• INSPECTION 

Inspection Rules. It is not good practice to wait until a 
serious defect develops before making repairs to an equipment. 
Regular inspections will show Incipient faults and render their 
repair easy and cheap. As an evidence of the importance of 
inspection work the following extract is made from the 1909 
report of the Committee on Maintenance of Equipment to the 
American Electric Railway Engineering Association. 
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INSPECTION WORK 

The slighting of inspection work will cause serious interraption to traffic. 
Worn and flat trolley wheels cause arcing that bums the overhead wire; dry 
trolley-whcd bearings cause cutting and shorten the life of the wheel; a pole 
put in with the wheel set at an angle causes the trolley to jump at the 
switches and may pull the trolley base off the car or pull the overhead wire 
down and, in addition to the damage caused, endanger life. 

The improper fastening of poles in their bases may be the cause of 
accidents, and if the spring tension is weak, it causes undue arcing and 
increases the wear on both wheel and wire. If the base is neglected and 
becomc's dry, the trolley runs hard, causing jumping at switches and trouble 
without limit. Poor contiict at the base causes the wire to bum off. Leaky 
roofs ruin car ceilings, are bad for scfits, and generally uncomfortable for 
passengers. Broken glass is a frequent rausc of accidents. Bolts, nails, and 
screws, if proji'cting from floor or any part of woodwork, sometimes result in 
tom clothes and falling passengers. Extended Btei>-trrads sometimes strike 
vehicles, resulting in splinters and .sharp edges and their tiocoinpanyiiig 
dangers. 

If cars are allowed to go into serricc with dirt or grease soraewhero 
on the inside, the company may have to pay a biU. 

Controller rolls, contacts, and bearings, if allowed to become dry, will 
cut and cause short-circuits; the roll will work hard and the motorman may 
not be able to tell distinctly whether or not he is stopping on the points; 
contact fingers may be set too low, and sometimes the set nut, if left loose 
on the adjusting screw, works out and the finger drops down and jams on the 
roll contact. Controller handles, if neglected, become worn and may not turn 
the roll to the last point; then running on the resistanoe, burning out a rheostat, 
and danger of fin; may follow. 

Neglect of the oiling of motor bearings and car journals is probably the 
most expensive of all slighted inspection, because it causes thi' bearings to 
heat and the armature to go down on the pole pieces. 

IjHck of 010*6 in inspecting motor terminals when connecting up may 
result in a broken wire in a sliort time. 

Bolts left loose in the armature and axle caps; cotters left Mut of bolts 
and hinge pins; brush-holder hammers left up; carbons not cleaned and stick- 
ing in their holders; weak springs} faihirc to tighten bolt« and screws at yokes; 
oil and dust accumulated on brush holders and yokes until they short-circuit 
and ground; neglect to oil and pack truck journals; brasses allowed to wear 
down, causing hot journals; bolts in the trucks not kept tightened, wearing 
face and holes so that latej they cannot be kept tight--all these are points 
that must be carefully watched to ensure the best results. 

Tight braktfs frequently cause the loss of armatures, which may be blamed 
upon the lubricating system. Improper adjustment and setting of shoes causes 
them to flange and to lose a large per cent of their life. Worn and neglected 
hangers cause brakes to shudder and chatter. Cotters left out of shoe pins 
and neglected lever pins may cause serious damage and accident. Leaks in 
the air system not discovert result in overworking the compressor. Neg- 
lected brake valves cause the seats to cut. Cleaning and oiling, etc., brake 
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rylinders and a thnuRand and one other little jobs Ehould not be neglected. 
Such neglect is always serious and may be dangerous. It has a direct bearing 
on expense. Quite a common practice among repair men is to patch up 
trouble and fail to give the car and motors a careful inspection so that further 
early trouble may be avoided. Lack of inspection is decidedly detrimental 
to best economy. 

LOCATING DEFECTS IN MOTOR AND CONTROLLER WIRING 

Causes of Defects. Defects in the wirings are due either to 
open circuits or to short-circuits. Open circuits make themselves 
evident by the failure of the current to flow when the circuit is 
closed; short-circuits usually make themselves evident by the 
blowing of a fuse or the opening of the breaker. The point of 
the .sliort-circuit or ground can be located roughly by noting on 
what controller point the fuse is blown. Accurate location can 
be made by cutting out the motors, disconnecting, etl*., according 
to directions in the following pages. The tests outlined apply 
particularly to tlie K tj'pe of controller with two-motor equip- 
ment. 

Tests for Open Circuits 

No Current on First Point. With an open-circuit wiring 
anj-where between trolley and ground no current will flow on 
the first point. Ojieii circuits are most likely to occur in the 
motors, and these may be tested first. However, one open circuit 
in ail armature will not stop the current. 

To test the motors, ojicn vlie bn^akcr and put the controller 
on the first multiple point. Then flash the breaker quickly. A 
flow of current indicates that one or the otluT of the motors has 
an open circuit. In the scrit*s position this ojxjn circuit prevents 
the flow, but ill multiple current the current flows through the 
other motor. The one at fault can lie quickly located by return- 
ing the controller to the off position and cutting out one or the 
other of the motors by means of the cutout switch and then 
trying for current. The car can in any event be operated by 
means of the remaining motor. On returning to the shop the 
open circuit can be determined definitely by the use of the Ifunp 
bank. 

No Current on First Point Multiple. If no current flows 
when the breaker is flashed on the parallel point, it is reasonable 
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to conclude that the motors are all right and that the open cir- 
cuit is elsewhere. As there is a path through each motor nor- 
mally, there must necessarily be an open circuit in each one to 
stop the current. It b hardly probable that such a coincidence 
would occur. 

Series Resistance Points after Trying First Point Multiple. 
After failure to find the fault in the motors the controller should 
be placed on progressive series-resistance points and the breaker 
flashed on each one. If current is obtained on any point, the 
open circuit is in the resbtance or the resistance lead just behind 
the one being used. Special care should be used to flash the 
breaker quickly, for otherwise the fuse may be blown. If no 
current is obtained on the series-resistance points, the open circuit 
is outside the controller and the equipment wiring. 

The tests indicated are suffi(‘ient for the motors, controllers, 
and resistance wiring. If no cumnt is obtained on any of them, 
the trouble is evidently caused by a poor rail contact, a ground 
wire off (if both motors are grounded through the same wire), 
or an open circuit in the blow-out coil, at the lightning arrester, 
at tlie circuit-breaker, or on top the car. 

Use of Lamp Bank. None of the tests applied locate the 
open circuit definitely, but this can easily be done in the shop or 
wherever a lamp bank is at hand. Connect one terminal of the 
lamp bank to the trolley just behind the circuit-breaker and the 
controller on the series first point, then with the other terminal 
begin at the ground and trace backwards up the circuit until the 
lamps fail to light. The path in a K type of controller is readily 
traced with the help of the controller diagram. Part I, h'ig. 69 . 

Tests for Short-Circuits 

Procedure. The location of short-circuits is tedious. The 
blowing of the fuse or opening of the breaker will locate them as 
shown later. The separate tests can then be followed until the 
location is definite. These tests are especially adapted to cases 
on the road or where no facilities for testing are at hand. Rather 
than to blow fuses as frequently as indicated it would in most 
cases be better to place a lamp bank across the open circuit- 
breaker and note the flow of the current by the lights. 
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Fuse Blows when Trolley Is Connected. This indicates that 
the trouble is due to one of the following causes: 

(1) Grounded controller blow-out coil 

(2) Grounded trolley wnre or cable 

(3) Grounded lightning arrester 

The blowing of the fuse immediately on closing the overhead 
switch or circuit-breaker, when the controller is on the off position, 
indicates that the fault exists somewhere between the circuit- 
breaker and the upper, or trolley, finger of the controller. 

Should the defect occur during a tliunderstorni, it may be 
presumed at once that lightning has gn)unded the blow-out coil 
of the controller. 

Fuse Blows on First Point In this case one of the following 
(‘onditions exists: 

(1) Grounded resistance near Rl 

(2) Grounded nintroller cylinder 

(3) Bridging between sections of cylinder 

When the controller is on the first point, all the wiring of 
the system with the exception of the ground wire for No. 1 motor 
is connected with trolley. But a defect in the wiring beyond the 
resistance will not show itself on the first point by an abnormal 
rush of current because the resistance of the rheostats is sufficient 
to prevent any excessive flow of current. 

The resistance and leads aiul the controller cylinder are the 
only parts to be tested wdien the fuse blows on the first point. 

Fuse Blows on Third or Fourth Point. This indicates one 
of the two following causes: 

(1) Grounded resistance near RJ^ or R5 

(2) No. 1 motor grounded 

With.either defect the car will most probably refuse to move, 
as the current is led to ground before passing through the motors. 

No. 1 motor may be tested by cutting it out of service by means of 
its cutout switch. If this removes the ground, the motor is at fault. 

Fuse Blows near Last Point Multiple. In this case the cause 
is one of the following: 

(1) No. 2 motor grounded 

(2) Either armature shortoircuited 
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The fact that the fuse did not blow on the series positions 
excludes the resistances and No. 1 motor from investigations for 
grounds. Cut out both motors. If the ground still exists, the 
controller is defective. If not, the fault may be located in either 
of the motors by cutting out first one and then the other. 

Miscellaneous Tests 

Armature Tests for Grounds. With a lamp bank at hand 
tests for grounded annature can be made as follows: 

Throw the reverse on center. Attach one terminal of the 
lamp bank to the trolley. Put the other terminal ou the com- 
mutator of the armature to be tested. If there is no current, the 




armature is not grounded; if current flows, remove the brushes 
and try again to be certain that the ground is not in the leads. 

Field Tests for Grounds. Disconnect field leads and put the 
test point of the lamp bank on one side of the terminals. If no 
current flows, the fields are not grounded. 

Reversed Fields. In placing new fields in the shell it often 
happens that one or more are WTongly connected. Reversed fields 
make themselves knowm by excessive sparking at the brushes. 

In Fig. 150 all the fields are connected correctly. The flow 
of magnetism is into one pole and out of the adjacent one. Some 
of the magnetism leaks out of the shell and affects a compass 
held near the outside. The direction taken by the compass 
needle in the different positions is shown. The needle should 
point in opposite directions over adjacent coib and should lie 
parallel to the shell in positions halfway between two coils. 
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The flow of magnetism when one fleld is reversed is illus- 
trated in Fig. 151. In such a case the compass will take the posi- 
tion shown. The field marked X is the one reversed. 

With one reversed field a machine will usually operate, as the 
magnetism in three of the poles is in the normal direction. But an 
excessive flow of current that has no effect in turning the arma- 
ture will take place on that side of the armature next to the 
reversed field. 

Motor-Coil Testing. Testing for faults in the motor arma- 
ture and field coils is done in a great variety of ways. The 
resistance of these coils can be measured by means of a Wheat- 



Fig. 152. Uiagrtuii Sliowing Tmnsfonner Test 


Stone bridge, employing a telephone receiver in place of the 
galvanometer used in such bridges in laboratory practice; but 
other less delicate tests are also in u.se. 

Another method is to pass a known current through the coil 
to be tested and to measure the drop in the voltage between the 
terminals of the coil. The quotient of the voltage and the current 
is the resistance. 

Tranrformer Test. A simple method, and one which involves 
no delicate instruments, is largely used in railway shop practice. 
This is known as the transformer test for short-circuited coils. It 
requires an alternating current, which can easily be supplied either 
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by the use of a regular motor-generator or by putting collecting 
rings on an ordinary d.c. motor and connecting these rings to 
bars of opposite polarity on the conunutator. This method is 
indicated in diagram in Fig. 152. A core, built up of soft lam- 
inated iron, is wound with, say, twenty-eight turns of No. 6 cop- 
per wire. This coil is supplied with alternating current from a 
llO-volt circuit. The core has pole pieces made to fit the surface 
of the armature. When one side of a short-circuited coil in the 
armature is brought between the pole pieces of this testing trans- 
former, the short-circuited armature coil becomes the short- 
circuited secondary of a transformer and a large current fiows in 
it. This current will in time manifest itself by heating the coil; 
but it is not necessary to wait for this, as a piece of iron held 
over that side of the coil not enclosed between the pole piea^s 
will be attracted to the face of the armature if held directly over 
the coil, but will be attracted al no other point. This testing 
can be done very rapidly and does not require delicate instruments 
or skilled operators. 

Tests for short-circuits in field coils can be made in a similar 
manner by plaining the coils on a core whi(‘h is magnetized by 
alternating current. The presence of a short-circuit, even of one 
convolution of a field coil, will be apparent from the increase in 
the alternating current required to magnetize the core upon which 
the field coil is being tested. 

Test of Insulation Resistance. The insulation resistance of 
armatures and fields is frequently tested by means of alternating 
current, about 2000 volts being the common testing voltage for 
500-volt motor coils. One terminal of the testing circuit is con- 
nected to the frame of the motor, and the other to its windings. 
Any weak point in the insulation which cannot withstand 2000 
volts will, of course, be broken down by this test. Alternating 
current is generally used for such tests because it is usually more 
easily obtained at the proper voltage, as it is a simple matter to 
put in an alternating transformer which will give any desired 
voltage and which can be controlled by a primary circuit of low 
voltage. 

Open Circuits in Armature. Open circuits in the armature 
can be detected by placing the armature in a frame so that it 
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can be rotated, the frame being provided with brushes resting 
90 degrees apart on the commutator. If either an alternating or 
direct current be passed through the armature by means of these 
brushes and the armature be rotated by hand, a flash will occur 
when the open-circuited coils pass under the bruslies. A large 
current should be used. 

Grounds. As one side of the circuit is grounded, any acci- 
dental leakage of current from the car wiring or the motors to 
ground will cause a partial short-circuit. Such a ground on a 
motor will manifest itself by bloAving the fuse or opening the 
circuit-breaker whenever current is turned into the motor. In case 
the fuse blows when the trolley is placed on the wire and the 
controller is off, it is a sign that there is a ground somewhere in 
the car wiring outside tlie motors. Moisture and thg abrasion 
of wires are the most common causes of grounds in car wiring. 
In motors defects are usually due to overheating and the charring 
of the insulation. 

Burn-Outs. Burning out of motors is due to two general 
causes: (1) a ground on the motor, Avhich, by causing a partial 
short-circuit, causes an excessive current to flow; (2) overloading 
the motor, which causes a gradual burning or carbonizing of the 
insulation until it fina'lly breaks down. 

Short-circuited field coils having a few of their turns short- 
circuited, if not promptly repaired, are likely to result in burned- 
f)ut armatures, as the weakening of the field reduces the counter- 
e.in.f. of the motor, so that an abnormally large current flows 
through the armatures. Cars with partially short-circuited fields 
are likely to run above their proper speed, though, if only one 
motor on a four-motor equipment has defective fields, the motor 
armature is likely to burn out before the defect is noticed from 
the increase in s])ecd. 

Defects in Armature Windings. Grounding. Defects in arma- 
ture winding cause a large part of the maintenance expense of 
electrical equipment of cars. Almost all repair shops have men 
continually employed in repairing them. The most frequent 
trouble with armatures is failure of the insulation of the coils and 
consequent grounding; this term is used in connection with arma- 
tures and fields and other electrical apparatus where a direct path 
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exists to ground. As the armature core is electrically connected 
to the ground through its bearings and the motor casing, a break- 
down of the insulation of the coils in the slots permits the current 
to pass directly to ground. This shunts the current around the 
fields, and an abnormal current flows because of their weakness. 
The circuit-breaker or fuse is placed in circuit to protect the 
apparatus in such an emergency, but usually before such devices 
break the circuit, several of the coils of the armature are burned 
in such a manner as to make their removal necessary. The coils 
are so wound on top of one another that in order to replace one 

coil alone, one-fourth of the 
coils of the armature must 
l)e lifted. 

With the armature of 
No. 1 motor grounded the 
car will not operate, anil if 
the resistance points be 
passed over, the fuse will 
usually blow. When No. 2 
motor is grounded, the action 
of No. 1 motor is not im- 
paired* and it will pull the 
car until the controller is 
thrown to the multiple posi- 
tion. But if the motors are 
thrown in multiple, the path through the ground of No. 2 motor 
shunts motor No. 1. 

Open Circuits. Next to grounding, open circuits are the most 
serious defects of armatures. These are usually caused by burning 
in two of the wires in the slot or where they cross one another 
in passing tq the commutator. Sometimes the connections where 
the leads are soldered to the commutator become loose. 

The effect of an open circuit is shown in Fig. 153. The cir- 
cuit is open at n. The brushes are on segments a and d. By 
tracing out the winding it will be found that no current flows 
through the wires marked in heavy lines. Whenever segments c 
and d are under a brush, the coil with the open circuit is bridged 
by the brush and current flows as in a normal armature. As 
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segment c passes out from under the brush, the open circuit 
interrupts the current in half the armature and a long flaming 
arc is drawn out. 

In Fig. 154 is shown the 
result of a short-circuit be- 
tween two coils. The short- 
circuit is at 6c, the two leads 
coming in contact with each 
other when they cniss. Tlic 
effect is to short-circuit all 
the winding indicated by the 
heavy lines. 

Mistaken in Winding Ar- 
matures. The armature wind- 
er is given very siini)le rules 
as to winding the armature, Fig. 154. Dinjtram showing EIT«M*t of ShoPt- 
but the great number of leads 

to be connected to their proper commutator segments sometimes 
so c(»nfuse him that misconnections are made. The effect of getting 
two leads crossed is shown in Fig. 155. The leads to segments 6 and 
c from the right are showm interchanged. This short-circuits the 
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coils shown in heavy lines. 
The abnormal current re- 
sulting in these would 
usually cause them to burn 
out. 

In Fig. 156 is shown 
the result of placing all the 
top leads or all the bottom 
leads one segment beyond 
the proper position. This 
causes the circuit starting 
from a and traveling coun- 
ter-clockwise around the 
armature to return on seg- 
ment m instead of on seg- 



ment h as is the case in Fig. 154. The only result of such con- 
nections is to change the direction of rotation of the armature. 
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Fig. 156 Diagram Showing Effect of Wrong 
Cuiinoctioiia to Commutator Ban 


It may be noticed by comparing the two figures that with the 
positive brush on segments a the arrows show the currents to be 

in opposite directions in 
coils similarly located with 
reference to the position of 
the brushes. Some arma- 
tures are intended to be 
wound as in the last case 
mentioned. 

Sparking at Commu- 
tator. As railway motors 
are made to operate, and 
usually do operate, almost 
sparklessly, sparking at the 
brushes may be taken as 
a sign that something is 
radically wrong. 

The pressure exerted by the spring in the brush holder may 
not hold the brush firmly against the commutator. 

If brushes are burned 
or broken so that they do 
not make good contact on 
the commutator, they 
should be renewed or should 
be sandpapered to fit the 
commutator. 

A dirty commutator 
will cause sparking. 

A commutator having 
uneven surface will cause 
sparking and should be pol- 
ished off or turned down. 

Sometimes the mica 
segments between commu- 
tator bars do not wear as 
fast as the bars, and when this is the case, the brushes will 
be kept from making good contact when the commutator bars 
are slightly worn. The remedy is to take the armature into the 



Fig. 157 Dianun Showing Effect of Open- 
Circuited Coil, Caiuing Sparking at 
Commutator 
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shop and groove out the mica between the commutator bars for 
a depth of about inch below the commutator surface. This 
giX)oving is found to be very beneficial also as a general practice; 
it greatly improves the whole operation of the commutator and 
brushes. 

A greenish flash which appears to run around the commutator, 
accompanied by scoring or burning of the commutator at two 
points, indicates that there is an open-circuited coil at the points 
at which the scoring occurs. Fig. 157. 

The magnetic field may be weakened by a short-circuit in the 
field coils, as before explained, and this may give rise to sparking. 

Short-circuits in the armature ma^'^ give rise to sparking but 
will also be made evident by the jerking motion of the car and the 
blowing out of the fuse. 

Failure of Car to Start. The failure of the car to start when 
the controller is turned on may be due to any of the following 
causes: 

The circuit-breaker at the power house may have opened. 

There may be poor contact between the wheels and the rails 
owing to dirt or to a breaking of the bund wire connections 
between the rails on whidi the car is standing and the adjacent 
track. 

One controller may be defective in that one of the contact 
fingers may not make connections with the drum. In this case 
try the other contn)ller if there h another one on the car. 

The fuse may be blown or the circuit-breaker opened. The 
occurrence of either of these, however, is usually accompanied by 
a report which leaves little doubt as to the cause of the inter- 
ruption in current. 

The lamp circuit is always at hand for testing the presence of 
current on the trolley wire or third rail. If the lamps light when 
the lamp circuit is turned on, it is a tolerably sure sign that any 
defect is somewhere in the controllers, motors, or fuse boxes, 
although in case the cars are on a very dirty rail enough current 
might leak through the dirt to light the lamps, but not sufficient 
to o])erate the cars. In such a case the lamps will immediately 
go out as soon as the controller is turned on. Ice on the trolley 
wire or third rail will have the same effect as dirt on the tracks. 
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PART III 

POWER PLANTS 

Characteristic Features. Fn)ni his study uf electric generators 
earlier in the course the student is familiiir witli the general prin- 
ciples of the elertrical machinery of power stations, and of switch- 
boards, and of electrical auxiliaries. AVith this foundation it will 
be easy to study the characteristic features of railway power 
stations. These stations owe their distinguishing features to the 
following facts: 

(1) The load is of a fluctuating character. 

(2) As a rule, the power must lie generated iu a form suitable for trans- 
mission to fairly . long distances because a railway usually covers a large 
territory. 

(3) The power supply must be very n'liable. 

Fluctuating lA)ad. The railway load is (d a fluctuating character, 
first, because each car takes current irregularly; and second, l)ccause 
the number of cars c‘j)erated 
at one time is quite variable. 

The momentary fluctua- 
tions are especially notable 
in a road having but few 
cars. Here the starting or 
stopping of each car results 
in a peak or a depression in 
the load curve of considera- 
ble magnitude in pn)iM)rtion 
to the average load. A load 
diagram from such a road is 
shown in Fig. 158. 

In large roads the momentary fluctuations do not amount to 
much because each car draws a smaller proportional amount of 
power and the starting currents are not so noticeable. In this 
case, however, the fluctuations during the whole day are greater 
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because the number of cars in operation varies more than in the 
small road, which is apt to have a rather uniform schedule. In 
the large road it would not pay to run the same number of cars 
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at 10 A.M. as at G p.m., for most of them would be empty. A 
typical diagram for a large system is given in Fig. 159, in which 
the heavy line is the amperes to line and the light line the 
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amperes from generators. The difference is due to the storage 
batter}’; when the heavy line is above, the battery is discharging, 
and vice versa. 

Economic Requirements. As a power house is an electrical 
energy factor}’, it is subject to the same economic laws as any 
other factory. Its function is to produce reliable electrical energy 
at a minimum total cost per kilowatt hour. To operate econom- 
ically requires that boilers, engines, generators, etc., be allowed 
to furnish an output as near their full-load capacity as possible 
in order that the efficiency may be high. In studying the layout 
of a few t^’pical stations the foregoing points should be kept in 
mind to see how the requirements are met in practice. 

POWER HOUSE CONSTRUCTION AND ARRANCyEMENT 

Raw Materials. In a pou-er plant the principal raw materials 
are fuel, air, and water. It is a giMKl plan to follow the rtiiites of 
these tlirough the plant in regular order and thus eliminate the 
danger of overlooking any important feature. 

Coal Circuit. The coal circuit begins with the coal pocket or 
storage. This coal is conveyed in one way or another to the 
boiler room. It is fed to the boilers either automatically or by 
hand. The ashes leave the grates and are handled either auto- 
matically, semi-automatically, or by hand, and finally they are 
delivered outside the building. 

The air for the combustion of the fuel is drawn in from the 
boiler room, or it is supplied by fans under pressure. It passes 
through the fire bed and is sucked away from the fire by the 
chimney or stack or by suction fans. On tlie w’ay to the chimney 
it may pass through an economizer and give up some of its heat 
to the feed water, which circulates tlirough the economizer in pipes. 

Feed Water. The feed water comes, in the first place, from 
the source of water supply. It passes through pumps in most 
plants, although injectors may be used if the water is not too 
hot. In general, the feed water b heated by passing it through 
atmospheric heaters into which the steam discharges from the 
noncondensing engines and pumps. Thb heater can be arranged 
as a purifier also if the water b allowed to fiow slowly over pans. 
Scale precipitates under the action of heat in thb way, and it is 
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prevented from forming in the boiler. Anotlicr plan for prevent- 
ing the formation of boiler scale from the feed water is to add 
chemicals which will prevent the precipitation of the scale under 
the action of heat. 

In very large plants a heater is sometimes used in the 
exhaust-steam circuit from engine to condenser as explained later, 
but in general this is an unnecessary refinement. In some plants 
the feed water then goc^s through the economizer where it is 
heated to a high temperature, say 212** F., by the flue gases. 
It then flows into the boiler. 

Steam Circuit. The steam circuit begins at the boiler where 
steam is generated in a saturated condition. It may be super- 
heateil citlicT by tubes above the water line in the boiler or by 
a separately fired superheater. After flowing through the risers, 
headers, and leads it passes to the engines — ^through steam sepa- 
rators if there is any danger of condensation in the piping. It is 
practically necessary that the engines get dry steam. From the 
engines the steam goes to the condenser or to the atmosphere, 
the latter being an extremely wasteful process. The condensing 
chamber is kept cool by the circulation of cool water through 
pipes so that the steam is immediately condensed. In some plants 
there is a vacuum feed-water heater betweeh the engine and the 
c-ondcnser. Such a heater relieves the condenser by partly per- 
forming its function. It also heats the feed water slightly and 
thus helps the atmospheric heater. The condenser! water then 
goes to the hot well for use in the boilers again. If jet condensers 
are used, the condensed steam and condrmsing water are mixed 
and there is but a small portion of tlie water used again. Jet 
c'ondenscrs, while simple in construction, can only be used where 
the water is reasonably pure. 

Circulating Water. The circulating water for the condensers 
comes from a stream or from a reservoir in connection with a 
cooling tower. It is pumped through the condenser either by a 
pump or by its own weight (as in the barometric type); after 
this it flows out again, being either wasted or returned to the 
cooling tower to give up its acquired heat. If jet condensers are 
used, the v'ater is partly returned to the hot well for boiler feed 
and partly returned to t}ie source of supply, as before. 
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Power Circuit The power circuit begins at the engine where 
mechanical power is transformed into electrical power. From the 
generator the power flows through the electrical circuit to the 
switchboard, thence to the transformers, if any are used, and it 
finally leaches the outside circuit. Before doing so, it may be 
converted from one form to another, as, for example, from three- 
phase alternating current to direct current for railway purposes. 

Available Percentage of Energy of Coal. The process of con- 
verting the energy of coal into electrical energy is an extremely 
inefficient one, even with the 
most improved machinery. In 
I^'ig. 160 is shown an approxi- 
mate division of the losses from 
the coal pile to the motors of 
the trolley car. In this diagram 
it will be seen that only slightly 
more than one-half of the energy 
in the coal is actually delivered 
to the engine, while additional 
losses in auxiliaries and condens- 
ing water bring the energy avail- 
able for mechanical work down 
to about 11 per cent. There 
reinuins to be accounted for the 
average all-d'ny loss in electrictd 
iipparatus, inclu(ling.generators, 
transformers, transmission line, 
substations, feeder and track, 
and, lastly, in the cars them- 
selves, which ordinarily deliver to the rim of the driving wheels 
from 50" to 60 per cent of the energy measured at the power- 
station switchboard. The approximate figures used represent aver- 
age conditions and can be improved upon by careful operating 
supervision. In some large plants with steam turbines operating 
under ideal conditions as much as 15 per cent of the energy of 
the coal appears at the shaft of the engine. 

Heating Value of Coal. The amount of heat in coal is 
defined in heat units per pound, or British thermal units. The 
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is defined as the amount of heat required to raise the tem- 
perature of 1 pound of pure water from 62** to 63* F. The heating 
value of coal varies from 10,200 B.t.u. to as high as 15,800 B.t.u., 
and it is necessary for large users to take this value into account 
when purchasing power house fuel. Many large electric power 
stations stipulate in their contracts that coal shall have a certain 
heating value, the actual price paid being based on the results of 
chemical analyses. 



Typical Electric-Railway Power Plant. The principal ele- 
ments of a modern electric power station are shown in Figs. 161 
and 162. The building is of fireproof construction, a fireproof wall 
separating the boiler room from the turbine room. The steam 
main passes through the wall to a steam header, from which 
steam is piped to the turbines. Where other load is available, it 
is good practice for a railway plant to take on industrial load in 
order to secure a more uniform load factor. The station shown 
was built by the Columbus Railway Power and Light Company to 
supply light and power as well as city and interurban railways. 
The railway plant generates three-phase current, either 25 or 60 
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cycles, and transmits to substations containing synchronous con- 
verters or motor-generator sets for transforming the alternating 
current to direct current. 

Boiler B/oom. Beginning at the right of Fig. 161, it will be 
noted that the main part of the station is occupied by sixteen 440- 
hp. boilers set in batteries of two each. These boilers are designed 
for 250 pounds pressure and are provided with superheaters 
capable of producing 150 degrees of superheat. Coal is brought in 
on a spur track and is carried by a conveyor to a crusher and 



Fig. 102. Elevation of lloiler Kuoni 


then to the two 400-ton coal bunkers just outside the boiler room. 
An electrically operated 4J-ton lorry operates between the coal 
bins and the boiler room, supplying the underfeed stokers on 
either side of the aisle. The gases pass out through economizers 
in which the feed water circulates. The ashes from the boilers 
drop into a pit formed by the concrete foundations. In this pit 
are two drag-chain conveyors for each row of boilers, carrying the 
ashes to mechanical car-loading apparatus. 

Tlie feed water passes from the economizer to a header and 
thence to the boilers. The water pumps are motor driven. In the 
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aisle between the boilers will be noted the inotor-driven fans for 
driving the flue gases into the 150-foot chimneys. 

Turbine Room. Steam passes to the turbine room through a- 
12-inch main header for each row of eight boilers. Two turbo- 
generator sets are installed, one of 10,000 and the other of 15,000 
kilowatts capacity. The turbines are of the Curtis or impulse 
type, and the generators deliver three-phase 60-cycle current at 
13,200 volts. A surface condenser is located below each turbine 
unit, maintaining a vacuum on the discharge side of the turbine. 
Each turbine carries a direct-connected exciter, and an additional 
100-kilowatt turbiiic-<lriven exciter unit is pn)vided as a spare. 

Tranamis&ion. For transmission over three of the outgoing 
transmission lines the voltage is raised to 39,400 volts, while a 
fourth line takes power at the generator voltage. The transformers 
are each of 15,000 kilovolt-ampt'res and are three phase and water 
cooled, space being provided fur three units. As a matter of 
economy these are of the outdoor typn, as are also the oil circuit- 
breakers and aluminum-cell lightning arrester. 

Modern Tendencies. A good idea of the trend of power- 
station development is shown by the new Windsor plant of the 
West Penn Power Company. This development is located in West 
Virginia about 2000 feet from a coal mine producing fuel with a 
heat value of about 13,500 B.t.u. per pound. Power is used to 
operate more than 4(X) cars over 322 miles of the West Penn 
Railways besides industrial and lighting load. A diversified load 
is thus secured, which improves the efficiency of the plant. 

The unit plan is used with four boilers and one 30,000- 
kilowatt turbo-generator per unit. Four units are operating, and 
two more are under construction, making a total of 180,000 kilo- 
watts, which gives an idea of the tendency toward large units. 

This plant has a number of special features due to* local con- 
ditions, which may be noted in Figs. 163 and 164. The generator 
voltage is 11,000 volts, 60 cycle, three phase, and pow'er is trans- 
mitted both at 130,000 and 66,000 volts. One of the unusual 
features is the outdoor switching and transformers. 

The prevailing tendency is now toward the purchase of power 
for electric-railway operation from a large power-producing station. 
These plants, making electricity in quantity, can sell in large 
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amounts at a low figure and thus relieve the railway company of 
the investment and operating ex|)ense of an inde]M;ndent plant. 
This practice is well illustrated by the Butte, Anaconda and 
Pacific Railway and the Chicago, Milwaukee and St. Paul Railway 
electrifications, where hydroelectric power is purchased at 0.536 
cent per kilowatt hour. Another recent electrification is the Paoli 
division of the Pennsylvania Railroad, and all the power is bought 
from the Philadelphia Electric Company. 

ELECTRICAL DETAILS OF POWER PLANTS 

Direct Current Generation. Ejimt of Use. The student may 
gather fn^m the first part of this discussion of power plants that 
the d.c. generator has been eiitirtdy superseded by the a.c. genera- 
tor and the synchronous converter. In general, this arrangemetit 
is followed in most railway systems; however, in some special 
cases it is desirable to generate din^ct current and feed to the 
trolley without transformation. This is the scheme originally 
emph'yed by electric-railway systems when using slow-speed 
reciprocating engines and direct-c’onnected generators. The high 
cost of slow-sp(jed apparatus, however, has forcc^d electric-railway 
operatora to make use of the a.c.-d.c. arrangement described. 

In some cases where the length of fewl ds short, so that one 
substation is sufficient to supply the entire tndley system, a 
single generating plant can be used supplying direct current at 
either 600, 1200, or 1500 volts. The generating unit in this case 
would 1)6 preferably a steam turbine direct connected thniugh a 
reduction gear to the d.c. generator. Where a 15(K)-volt current is 
used on the trolley, a generating station of this t>'pe can supply 
cars for a distance of about ten or fifteen miles in each direction. 
The objection to an installation of this kind, however, is that in 
case of an ei^ension, such as a new interurban line, it is necessary 
to resort to higher voltage for transmission. In other words, the 
a.c.-d.c. system is adapted to indefinite extension, while the straight 
d.c. generation is limited as to the area it can supply. 

Equipment. Direct-current plants are usually equipped with 
compound-wound generators designed to deliver normal voltage 
from no-load to somewhat higher than full-load capacity. Where 
two or more machines are operated in oarallel, it is necessary to 
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use an equalizer bus connecting the points between the armature 
and the series field of each machine. This connection ensures an 
equitable division of the load current between the series fields and 
thus maintains uniform load on all the machines operating in par- 
allel. Fig. 165 will enable the student to trace out the division of 
load between the two machines. 

Connecting in Second Generator. In starting up a compound- 
wound generator to be operated in parallel with one already run- 
ning, the new machine is first brought up to speed. The switch 
controlling the shunt field is then closed, caasing the generator 
voltage to build up. When this potential is practically equal to 
the bus-bar voltage, the operator closes the positive switch. 
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assuming that the equalizer switch on the generator has already 
been closed. This connects the series field of the new generator in 
parallel with the series fields of the machines already running. 
The voltages on the new machine and on the bus are then tried 
alternately until they are as nearly equal as possible. An accurate 
comparison can be made by the use of a voltmeter plug which 
connects the same voltmeter cither to the bus bars or to the new 
generator. After correct adjustment is secured, the negative 
switch of the new generator is closed, connecting the machine to 
the station bus. If the new generator does not take its proper 
share of load, further adjustment can be made by the shunt- 
field switch, forcing the generator to take its share of load as 
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shown by the ammeters by increasing or decreasing the strength 
of the shunt field. 

Direct-Current Pdwer-Station Switchboards. The panels used 
in a d.c. railway power-station switchboard are of two kinds, the 
generator panels and the feeder panels. These are quite similar to 
those used for railway substation work and will be described under 
the heading Substations. 

Alternating-Current POweivStation Switchboards. On railway 
systems where alternating current is used for generation and trans- 
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mission it is necessary to provide switchboards capable of handling 
high-tension current at whatever may be the transmissibn or star 
tion voltage. The a.c. switchboard differs from the d.c. switch- 
board in that the switches proper are not brought out to the front 
of the panel. They may be located mther directly back of the 
panel, above or below in fireproof endosures, or at some distance 
from the operating board. 

Alternating-current drcuits at moderate and high voltages are 
ordinarily broken under oil by means of what is called ah oil 
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circuit-breaker. The switch contacts are immersed in a tank of 
oil| and the conductors are brought out through insulating bush- 
ingSi Fig. 166. The tank may be lowered for inspection or repairs, 
as shown in the illustration. Two types of remote-control switches 
are used, one being operated by means of a system of rods and 
bell cranks, while the other is controlled by means of an electrical 
circuit operating a solenoid or motor mechanism which performs 
the actual opening and closing of the switch. Usually the breaker 
opens by gravity assisted by compression springs on the operating 
rods. When the breaker is released, the springs assist in opening 
the breaker at a higher rate of speed 
than would be obtained by gravity alone. 

The construction varies with the amount 
of current to be interrupted, the voltage 
of the circuit, and also the amount of 
synchronous apparatus connected to the 
system of which the station is a part. It 
is necessary to take this factor into con- 
sideration, since under short-c'ircuit condi- 
tions all the synchronous apparatus fora 
very short period will tend to pump 
current into the shortcircuit as a result 
of the inertia of the moving parts. The 
oil circuit-breaker must therefore be capa- 
ble of handling the current to be inter- 
rupted under these conditions. 

Types, In Fig. 167 is shown a dia- 
grammatic view of an a.c. switchboard *®^ swiKhS2l3r^"™“* 
designed for 2300 volts, three phase, and 
the switches are operated from the front of the panel by means of 
bell cranks and connecting rods. In Fig. 168 is illustrated a board 
with two generator panels and one feeder panel; the live parts are 
enclosed as a safety measure. A view in the transformer room of one 
of the Chicago, Milwaukee and St. Paul Railway substations is given 
in Fig. 169. The transmission voltage m this case is 100,000, and 
the oil switches are constructed with each pole in a separate tank. 
The apparatus is operated by means of a solenoid actuated from a 
small control swit^ on the mam switchboard. Certam types of 
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switch of lai^ge current-interrupting capacity and moderately low 
voltage, for example, 15,000 to 33,000 volts, employ circuit- 
breakers having each unit enclosed in a separate brick or concrete 
cell and operated by a small motor located above the ceU, Fig. 170. 
In this case the switch is closed by the motor against a heavy 
compression spring and opened by tripping a trigger which is set 
when the switch is closed. The switch thus opens at high speed, 
owing to the force of the spring, and the arc is broken in the oil 



Hr. 168. Switchboard Panda for Throo-Phoao H.iOO'Volt Curront 
Courtety of OoHeral 'Electne CompanVt Srhenerbuty, New York 


surrounding the contacts. Circuit-breakers of this character are 
shown in Figs. 171 and 172. The t^^ie of switchboard unit shown 
in Fig. 173 is designed with the instrument and switching equip- 
ment mounted on a truck which is wheeled into a cubical com- 
partment containing permanently the busses and cable terminals. 
An interlocking device prevents the removal of the truck except 
when the oil switch is open. 

Circuit-Breakers. Oil Type, Automatic current-interrupting 
devices for d.c. circuits are termed air circuit-breakers to dis- 
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tiDguish them from oil circuit-breakers, which are used for a.c. 
circuits. The oil circuit-breaker is not suited to d.c. service, since 
the direction of current flow does not reverse and an arc once set 





Fig. leg. 100,000-Volt OU Switchei. Piedmont SuMation, Chicago, Milwaukee and Bt. PUiil 

Bailway Eloctnflcation 

Cmrtuy tf General Ekctnc Company, Seheneetady, AVw York 

up through the oil tends to maintain its patli by carbonizing some 
of the oil. With alternating current, however, the oil surrounding 
the switch terminals tends to interrupt the arc at the moment of 
reversal when the current reaches a zero value. 


369 




178 


ELECTRIC RAILWAYS 


Air Type, The air circuit-breftker, Figs. 174 and 175, usually 
consists of a laminated copper-brush bridge which is pressed 
against two copper terminal blocks by a toggle joint operated by a 
handle. These breakers contain a core magnetized by the main 
current, which acts upon an armature suspended just below the 



Fig. 170. I.>,000-Volt. 1200 Ampere Oil Cir- 
cuit*Bn!aker Using Motor-<J^>ermted 
Mechanism 

Courtesy ^Ceneral EUdrie Company, 
SMOMCtady, Now York 


Kg. 171 3000-Anipero Thioe*Phaae Eleo- 
trically Operated OH Cirouit*Breaker at 
Right, Pole Enclosed; at Center, Door 
Removed and Tank in at Left, 

Door and Tank Removed 


core. When the current rises above a certain predetermined 
amount, the armature is drawn up, tripping out the main contacts, 
which fly open under pressure of the heavy spring. Upon the 
opening of the main contacts the current is transferred for an 
instant to the auxiliary contacts, they being fitted with carbon tips 
which are not so easily burned and can be readily replaced; In 
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some types a magnetic blow-out is used to assist in interrupting 
the current. In addition to the overload trip, a shunt or no- 
voltage trip coil can be used, main brush contacts are con- 
structed so that a wiping or rubbing action takes place between the 
copper block and the brush, thus ensuring a clean contact surface. 



Elg. 172. Side View of Fig. 171. Showing Contact 
Mechaniam 


Oxide-Pilm Arrester. An important development in lightning 
arrester construction is the oxide-film type, which has all the 
advantages of the aluminum-cell type; in addition, it has no liquid 
to freeze during cold weather and requires no charging, which is 
necessary in the aliuninum-oell type. 

Each cell, Fig. 176, of this arrester consists of two sheet-metal 
disc electrodes held about i inch apart by a porcelain ring. A 
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thill insulating film of vamish or shellac covers one or both discs, 
and the space between the plates is filled with peroxide of lead. 



The metal discs are spun over the edge of the porcelain, making a 
hermetic seal. At the permissible voltage per cell, 300 volts a.c 
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or 600 volts d.c., the insulating film 
prevents any appreciable flow of cuiv 
rent, but when the voltage rises slightly 
above normal, the fihn punctures and 
a lightning discharge meets practically 
no resistance in its flow to ground. 
When dynamic current starts to flow, the 
rise in temperature causes the film to 
reseal, this action taking place in less 
than Winr second. One or more cells are 
used in series, depending on the voltage 
of the s^-stem. 

From Fig. 177 it will be noted that 
the arrester is protected by a horn gap, 

Pig.l7C. Single Unit of OridcFilm l- i. ^ 

Lightning Armter across which thc overvoltage must pass 

Caurttnu «/ G^eral Eleetrtc Corn- 
panv, Sekenectadv. New York tO rcaCIl the arrCSter. 
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SUBSTATIONS 

Function. The a.c. three-phase power generated in the mail 
power house or purchased from commercial power plants is dis* 
tributed by means of high-tension transmission lines or high- 
tension underground cable systems to substations located a1 
suitable points for distributing power in d.c. form. 

Spacing. On 600-volt systems the substations may be located 
in some cases |ia far as 10 miles apart for ordinary interurban 
service. For city service it is more economical to place the sta- 
tions near together, thus avoiding some of the heavy distribution 
losses. On 1200-volt interurban roads stations may be placed 
approximately 15 miles apart for light service. When ^lOOO-volt 
direct current is used, as in the case of the Chicago^ Milwaukee 
and St. Paul Railway, the spacing of the substations may be as high 
as 30 miles. The number of substations on a railway system and 
the capacity of each depend, of course, upon the extent of the 
s^'stem and the amount of traffic handled, both freight and pas- 
senger. The station is made as small as possible for housing the 
necessary equipment, but it is customary to make provision for 
additional units in case of increased load requirements. 

Equipment. The transmission-line voltage is stepped down, 
by means of transformers, to the a.c. voltage required by the 
synchronous converters or motor-generator sets, as the case may 
be. The substation usually includes, besides transformers and 
converting apparatus, the necessary a.c. and d.c. switchboards, 
lightning arresters, and conveniences for the oi>erators. In some 
cases it is considered advisable to use storage batteries to provide 
emergency power supply and also to secure a more uniform load. 

The arrangement of apparatus in a t>*pical substation con- 
taining two 500-kilowatt converters is illustrated in Figs. 178 and 
179. Referring to Fig. 179, the incoming line enters the substa- 
tion through the roof on the left side at 11,000 volts and passes 
through oil circuit-breakers, choke coils, etc., to two banks of three 
single-phase transformers, one bank for each converter. The ratio 
of tnuisformation is 11,000 to 430 volts, which is the correct 
alternating current to deliver 600 volts at the d^. conunutator. 
As may be seen in Fig. 178, a lightning arrester is connected to 
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the ILOOO-volt bus through a horn gap which b ordinarily 
left open. Provision is made for short-circuiting the horn gap 



Fig. 178 PIuii of S>ncl:ri iio’*h C’oiswrtiT Rubstation for ll,000-Volt« with Threc-Phaae 
.Supply and l'«o .*i(N)-Kdowatt Convcrlun 
Vourtv^u itfGetirrul Flectrir Comimuu, SchenecUitlS, Ntw Fork 



Fig. 170. Section A-A of Fig. ira Hhowing Converter, Transformer, 
and lightning ArrcMtor 

Courteay €/Ga$ural Ehdrie Company, Sehmeetady, New York 


and thus charging the lightning arrester at stated intervals. The 
choke coils between the 11,000-volt bus and the transformers tend 
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to divert a lightning discharge to the lightning arresters rather 
than allow it to pass through the transformer. 

Switchboards. AUernaUnff-CurrerU. The a.c. switchboard for 
a substation of this type consists of a panel carrying a high- 
tension oil switch, indicated in Figs. 178 and 179, on the opposite 
side of the wall from the transformers, and starting panels for 
applying reduced voltage to the rings of the synchronous copverter. 



Fig. 180. 13,200-VdIt Alteniating<7urrcnt and OOO-Volt 
Dirert<?urrent Railway Substation Switrhbourd 
Courteay cfOmeral EUdrie Company, Scheneeiady, 
Nov York 


DirectrCuTTeni. The d.c. panels include one panel for each 
converter and a feeder panel for each feeder cable. Swinging 
brackets are also provided on the end panels for indicating d.c. 
voltmeters. In Fig. 180 is illustrated a 13,200-volt a.c. panel 
adjoining a 600-volt d.c. machine panel and two feeder panels. 
It will be noted that the a.c. panel contains only a handle for 
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operating the oil switch and an overload tripping mechanism for 
opening the circiiit under overload. 

Each of the d.c. panels carries a circuit-breaker at the top for 
protection in case of overload, a line switch on the middle panel, 
and ammeters indicating the current being generated by the 
machine and the amount being distributed through each panel. 



Fig. 181. 120(KVolt Dinci^Tunvnt Switohboud 
Coiirteay e/Omerdl EUetrie Comvatty, Seheneetady, New York 


On the machine panel is a rheostat handle for controlling the syn- 
chronous converter field and a small switch for controlling the 
lighting circuit. Potential reoq>tacles are located on each panel for 
phasing in the second machine or connecting the feeder to the bus. 

1206- and 1500-Volt Stations. A 1200.volt d.c. switchboaid 
oontrolling four 1200-voit synchronous converters and three feeder 
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circuits is shown in Fig. 181. The construction differs somewhat 
from the 600-volt type in order to obtain protection from the 
higher voltage. It will be noted that both the circuit-breaker and 
the line switch on these panels are oj^rated through bell cranks 
and levers so that all 1200-volt parts are out of reach of the 



Kg. 182. Front of 1200-Vdlt 
Fbool with Watt-Hour Meter 
for Two Syni'hronous Con- 
verteift ill Senes 


Courteay of GtwrtA Klf^ric 
Company, Sfheneetady, 
New York 


Kg. 183. Bark View of Panel 
Shown 111 Fig. 182 
Courteay of General Eleetrie 
Company, Schenectady, 

New York 


operator. The operating handles are similar to those used on a.c. 
circuit-breakers, but the circuit-breaker handle is inverted with 
respect to the line switch in order to avoid confusion on the part 
of the operator. In case of overload the circuit-breaker trips free 
from the handle, differing in this respect from the lever switch. 
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The danger of a short-circuit being caused by the arcing of the 
1200-volt circuit-breaker is avoided by the use of asbestos barriers 
mounted between the circuit-breakers and the switches and also at 
the ends of the board. An asbestos barrier is also placed along 



the top of the panel to prevent the possibility of an arc striking 
back to the pipe framework or to the metal parts. 

The front and the back of a 1200-volt panel are shown in 
Figs. 182 and 183. 
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Portable Substations. Many railway systems use a complete 
substation outfit mounted in a steel or wooden car in such a 
manner that it can be transported over the line and located at 
any point in case of emergency. The equipment used for a port- 
able substation is similar to that in a stationaiy installation 
except that various modifications are made to secure as compact 




Fig. 185. Simplified Wiring Diagram and Table Showing Sequence 
^ , of Autoniatio Railway Subetntion Uperationa 

an arrangement as possible. The general location of apparatus in 
a 300-kilowatt portable substation of the semi-outdoor type is 
given in Fig. 184. 

Automatic Substations. Recently considerable progress has 
been made in the design of automatic substations. This term 
means that the services of an operator are entirely eliminated, the 
station requiring only occasional inspection instead of continuous 
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attendance. This type of equipment was first tried out on inter- 
urhan lines and has since been adapted to city service. The sta- 
tion capacity in most of the installations now running is from 3U0 
Uy KMN) kilowatts each. 

The purpose of the automatic substation is twofold: to save 
tlic cost of an opcriator over a period of two or three shifts per 
<lay; and to save power by shutting down the machinery when 
there is no demand for power on the line. The ordinary railway 
substation o|K.Tates eontiiuiously from the time it is started in the 
morning until it is shut down at night. On internrban lines there 
are many |)eriods during the day when then* is no car on the sec- 
tion supplied by the station and as a result the machinery runs 



F'ik IfM. OaklaiKl Automittir Uailway Sulwtatioii at Rhode 
IhIiuiU Coiiipniiy, Showing Control Pnnvls and One of 
Two Syiu'lirunouH C'-onvvrtere 

without supplying ciim'iit. The “running -light” losst s, so-called, 
during the day amount tp quite an appreciable figun\ 

The automatic substation consists of a number of electrical 
devices designed to pt^rform the functions of the human attendant. 
When a car comes onto the divbion and begins to draw current, a 
reduction in the trolley voltage results, owing to the long feed 
from some other station, and a contact-making voltmeter operates, 
setting in motion a series of switches which connect the syn- 
chronous converter to the alternating current supply, bring it up 
to synchronism, close the field switch, and connect it to the sta- 
tion bus. Various protective devices are provided to ensure the 
correct functioning of the apparatus, and tlie station operates 
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until the demand for power disappears. When tlie car leaves the 
section, a current relay actuated by the amount of current beinf^ 
delivered by the station drops out, shutting down the machine. 
A motor-operated drum controller is used to ensure the correct 
sequence of operation of the vtirious relays and contacts. In 
Fig. 185 are given a simplified wiring diagram of an automatic 
substation and a table showing the st'quenci* of o[XTations. 

The development of the automatic substation affects the loca- 
tion of substations to a wrtaiii extent, owing to the decreased 
cost of operation. The interior of an automatic sub.station 
instiillcd for the Rhode Island Company is shown in Fig. ISG. 



Fig 187. Brpnnan Automatic Railway Substation of 
Interurban liadway Company 

The switchboard controls two 300-kilowatt synchronous converters, 
and provision is made for connecting the second machine to the 
•line automatically when the load demand exceeds the capacity of 
one machine. In Fig. 187 is shown the exterior of a substation 
constructed by the Dcs Moines Interurban Railw'ay, giving an 
idea of the economies possible with this type of equipment. The 
size of the station can lie somewhat reducer!, since no quarters are 
necessary for the operator. No heating equipment is required and, 
in place of windows at the bottom of the station, louvres are used 
for ventilation purposes, while small windows at the top of the 
building provide sufficient light for perirwiical inspection. 
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COST OF OPERATION 

Cost of Electric Power Generation. It is the function of 
every power plant to generate power at the lowest possible cost 
per kilowatt hour. While at first glance it may seem a simple 
matter to measure the coal, water, supplies, and labor and thus 
determine the cost of electric power, there are other items whieh 
enter into the cost which should be considered. These are known 
as overhead charges and include interest, depreciation, mainte- 
nance, insurance, and taxes. These charges arc logically considered 
a portion of the cost of energy when computed on a kilowatt-hour 
basis. It Ls a part of the designing engineer’s duty to keep the 
overhead charges as low as possible; that is, the plant must be 
constructed with tlie minimum money investment, at the same 
time avoiding too rapid d^reciation, too high maintenance cost, 
etc. If overhead charges are not taken into account, it may 
easily happen that a water-power plant which requires no expense 
for fuel may show a higher cost per kilowatt hour than a steam 
plant of the same capacity. In Figs. 188, 189, 190, and 191 the 
make-up of energy costs is shown graphically. In Fig. 188 the 
cost of fuel, of labor, and of sundries (oil, water, waste, etc.) for a 
number of stations is plotted in percentages ‘of the total operat- 
ing cost against the quantity of energy generated per year. Tlie 
total of the three costs in each case is 100 per cent. There 
appears to be no definite law connecting these variables. An 
average value of cost of fuel is about 56 ptT cent, of labor about 
28 per cent, and of sundries the balance of 100 per cent. 

The relation of coal consumption to quantity of energy gen- 
erated is given in Fig. 189. The value in the larger stations 
approaches 3 pounds of coal per kilowatt hour, but most modem 
steam-turbine plants of large capacity are able to reach a figure of 
from 1) to 2 pounds. An idea of the amount of labor required in 
small stations is afforded by Fig. 190. There is great divergence 
in practice shown here, but the points give data for estimating the 
reasonableness of the number of men in a given plant. 

Fig. 191 is a chart of great interest because it shows that the 
operating cost of energy bears a fairly systematic relation to the 
quantity generated! The cost se^ns to approach a value, of 1 cent 
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per kilowatt hour. This is high» than is the rule in large plants, 
but appears not unreasonable in plants of the sizes indicated in 
Fig. 190. 



Fig. 188. Curve Showing Per Gent of Tot^ Cost of Fuel. Labor, and Sundrica for Given 
Quantity of Energy Generated Per Year 



Load Factor. The had factor of a power plant or, more 
properly, the plant factor b d^ed in the Standardization Rules 
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of the A.I.E.E. as: 'The ratio of the average load to the rated 
capacity of the power plant, i.e., the aggregate ratings of the gen- 
erators.” This factor has an important bearing on the cost of 
electrical energy, since the equipment is not working at its maxi- 



SrAT/ON BATING /NNILOMWr^, 

Fig. 190. Ciirvp Shouing Uplaiiou of Afun T.itlK>r to Kilowatta Pnxlurrd 



O t 3 5 G 7^9 

MfLUONs OF momiTr nouft generated fef. 

Fig. 101. Curve Showing Total Cost Per Kilowatt Hour Generated 


mum efficiency, and a larger part of the plant expenses are just as 
heavy when operating partially loaded as at full capacity. There 
are many plants which operate at a low plant factor, Fig. 192. 
Large power producers are making a special effort to secure a 
sufficiently diversified load to ensure a high plant factor. 
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Fig. 19ii Load Factor Pcrcouta^cH for Plants of Various Outputs 


TRANSMISSION 

Three-Phase v^. Single-Phase. Eleitrio power is transmitted 
from the pow’er staticm over three-phase a.c. ivires, this s^Titem f)f 
transmission giving better effieiency tlian any other, A majority 
of the electric railways of this country use direct current either 
on the trolley or thinl rail, and the general scheme of distribution 
is shown in Fig. 193. Theoretically, the arrangement illustrated 
in Fig. 194 for a single-phase railway is much simpler than a 
d.c. s^^tem. In practice, however, it has not been found feasible 
to use single phase for interurban lines owing to the greater weight 
of the nfdior equipment necessary, the difficulty in operating a.c. 
cars where trolley voltage is not well maintained, and the unde- 
sirable effect of a short-circuit being impressed directly on the 
a.c. generator at the power house. Difficulties have also been 
encountered owing to disturbances on neighboring telegraph and 
telephone lines caused by electrostatic and electromagnetic inter- 
ference. The single-phase system, however, has been found suc- 
cessful in the operation of heavy trunk lines where the amount of 
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cuiient required is sufficient to justify the installation of step- 
down transformer substations at suitable intervals to ensure correct 
trolly voltage. 

Typical Three-Phase System. In Fig. 195 is given a dia- 
grammatic layout of tlie New York Central electrification, showing 
the location of two turbine generating stations at Port Morris and 
Glenwood. Three-phase twenty-five-cycle current b generated in 
these plants at 11,000 volts and transmitted by means of under- 
ground cables and overhead transmission lines to nine substations 
located along the tracks of the railroad system. Synchronous 
converters in these stations transform the three-phase current to 
660-volt direct current. Current at this potential is distributed 
along the tracks by means of an under-running third rail and 
carried to the motors of the locomotives and multiple-unit cars by 
means of a sliding contact or third-rail shoe. The layout shown 
illustrates quite clearly the flexibility of the three-phase transmis- 
sion in combination with d.c. distribution. Since the installation 
was first put in operation a number of new units have been 
added in the several substations to handle additional load resulting 
from heavier railway traffic. In cose the railway company desired 
to extend the electrification northward, the transmission lines could 
be easily extended bnd new substations constructed at suitable 
points without making any changes in the present equipment. 

LINE PROBLEMS 

Transmission Ginductors. In congested city districts it is 
frequently necessary to install transmission conductors underground 
in order to avoid the possibility of accident due to the high volt- 
age. Some form of conduit is usually installed and the conductors, 
in the form of three-phase lead-covered cables. Fig. 196, are pulled 
in between* manholes located at suitable intervals. However, since 
it is difficult and expensive to insulate cables for very high voltages, 
the use of cables, either underground or overhead, for the high- 
tension circuits of electric-railway work is limited to cities where 
exposed high-tension wires are prohibited. Fortunately, in such 
cases the area of distribution is not great, and it b possible to use 
voltages which are practicable with cables. For further discus- 
sion of conductors see the article on “Distribution Systems.” 
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Determining Size of Conductor. The size of conductor is 
determined by the allowal)le drop in voltage, and in the case of 
transmission lines the tensile strength inuiit also be considered. 
Ihith hard-drawn cop^jer and aluminum are used for transmission 
lines, but as it is difficult to manufacture aluminum of absolutely 
uniform tensile strength, the cost for a similar service is usually 
somewhat greater with aluminum than with copper. 

In detennining the size of wire to be used on a pole trans- 
mission the mechanical strength is determined by the strains due 
to stretching from pole to pole and the possibility of heavy accumu- 
lations of icf in the cold weather, as well as to contraction of the 
wire due to low temperature. Wires smaller than No. 4 B. & S. 
gage are not suitable for transmission work. 

A general rule for determining the size of conductor, com- 
monly known as Kelvin' 8 law, is as follows: Such* a size of con- 
ductor should be used that the interest on the money invested in 
the wire and such auxiliaries as vary with the size of the wire shall 
be equal to the value of the energy annuaUy lost in the line. 
This is a formal way of stating that if an additional expenditure 
for copper or aluminum will result in a saving greater then the 
cost, it wUl pay, and vice versa. 

Deteimining VoUa^. The transmission voltage of a line is 
selected on the basis of experience, and there b no simple rule for 
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(letcrniiiiiiig the proper value. In giMierul, as the? voltage is raised, 
the eross-sectioiial area of the conductor may he reduced with the 
same amount of powcT transmitted. With the same power the 
cross-sectional area of conductor is theoretically inversely propor- 
tional to the square of the volttage. This follows because, if the 
power is to remain uncha]ige<1, the current is inversely proportional 
to the voltage, the power being El (the product of the voltage and 
the current). Thus, if the value of El is to remain the same ami 
the value of E is doubled, the value of I must Iw halved. In 


order to lialve the current 1 ^’which equals when the voltage 


E is doubled, the resistance R must be increased in the same ratio 
as the square of the voltage, that i.4, by four. In onler to increase 
the resistance four times, or, in general terms, in direct propor- 
tion to the square of tlie voltage, the area of tlie conductor is 
decreasecMour times. Thus, with the power unchanged, as the 
square of the voltage increases, the area of the conductor decreases. 
It is quite possible, however, in a given case, that the reduction 
in the size of wire may be limited by mechanical considerations, so 
that it is not always possible to take full advantage of the increased 
voltage. An increase in the voltage is accompanied by additional 
expense for insulators, for it is more difficult to insulate a high- 
tension line than a low-tension line Not only ore the high-teni|ion 
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insulators more expensive, but they are more difficult to maintain. 
On the whole, therefore, a moderate transmission voltage is chosen 
which will give the most economical all-round results. At present 
the upper limit of voltage is about 110,000, but this is extreme. 
About 30,000 volts may be considered conservative practice for 



Rg. IM. Three-PhaM Lead-Goverad Tranandarion Cable 
Inaulated for 25.000 Volta 

CowtMM tifOnurat JReefrte Campanif, Sehmedadif, Ntw York " 


railway work. Over small areas electromotive forces of 6,600 volts 
are used even with very large quantities of power. 

PPles and Towers. Transmission wires are supported on 
wooden poles or on steel towers. The latter are used to an 
increasing extent because they are durable and permit the use of 
long spans, as they can be constructed of any necessary height. 
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Concrete poles are successfully made and undoubtedly have a 
future before them. Wooden poles are still in general use, how- 
ever, and are made of Georgia pine, white cedar, chestnut, red- 
wood, and other more or less durable woods. The variety used 
in any locality depends to some extent upon the natural timber of 
the region. The poles are not usually dressed, although they 
are sometimes dressed to octagon form w'heie appearance is 
important. 

To the poles are attached Georgia pine crossarms, the poles 
being notched, or gained, to receive them. The crossarms are 
held in place on the poles by bolts passing entirely through both. 
The crossanns are braced with galvanized-inm straps, which are 
placed at an angle of about 45 degrees. The braces are attached 
to the crossarms by carriage bolts and to the poles by lag screws. 
The crossarms are bored to receive locust pins or iron liolls, ui)oii 
which are mounted the glass or porcelain insulators. The cross- 
arms are thoroughly coated with metallic paint, and their upper 
surfaces are rounded so that they will shed water reailily. 

Concrete poles are molded in a taper form somewhat similar 
to the shape of wooden poles but of nearly square cross-section. 
The corners are chamfered to prevent chip])ing and to facilitate 
molding. The poles, are reinforced with steel rods and the gains 
for the crossarms are molded in the proper ])ositions. Steps "are 
also molded in the poles, as climbing-irons would be useless in this 
case. While these poles are very heavy, they will undoubtedly 
prove durable, and the results of the early installations will be 
watched vrith interest. 

Poles are set in the ground G feet, more or less, depending 
upon the height of the pole and the character of the soil. 

The construction of a single-track interurban trolley road b 
represented in Fig. 197, which shows plainly at the left the con- 
struction of the transmission line. The same pole line in thb 
case serves also to support the trolley brackets and to carry the 
tel^hone line used for dispatching. In thb illustration the upper 
crossarms are provided with six insulators, one three-phase line 
being mounted on each side of the pole. 

Steel structures for supporting transmission lines are coming 
into use. As th^ are more expensive, in first cost at least, than 
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wooden poles, they usually must be placed at greater distances 
apart in order to render their use economically practicable. Where 
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wooden poles are placed from fifty to thirty to the mile, towers 
may be placed from thirty to as few as ten to the mile. 
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The steel tower, built up of light galvanized-iron angles, was 
in use for supporting windmills before it was required for electric 

power-transmission pur- 
poses, and it was a com- 
paratively simple matter to 
adapt it to a new use. 
Towers of ])ractically the 
same form as used in wind- 
mill practice arc used in 
many transmission lines. 
There are other forms, 
however, whieh have been 
developed particularly for 
this service. Fig. 1 9S shows 
a steel substitute for the 
wooden pole, which con- 
sists of three light steel 
uprights separated by cross- 
pieces. Steel crossarms 
form a part of the struct 
turc. The arrangement of 
insulators is as in the pre- 
ceding example. A flat 
structure is shown in 
Fig. 199, which is strongly 
braced for side strains but 
offers no resistanc'c along 
the direction of the trans- 
mission line. The line, in 
this case, is anchored by 
guy wires at iitiervals. In 
Fig. 200 is shown a slightly 
different form in ivhich the 
two transmission lines pro- 
vided for have their insu- 
lators mounted one above 
the other. In both of the 

Elg. 100. Steel Tower with Side Brsehig Only StTUCtUTeS there ETC 
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crosspieces every few feet, and the whole is strongly braced by 
light diagonal wires attached to the comers of the spaces thus 
formed. 

Insulators. In high-tepsion trans- 
mission lines for railway .work both 
glass and porcelain insulators are em- 
ployed. Glass is cheap, and it may 
be easily inspected for flaws; porcelain 
is, how'cver, usually considered more 
reliable. The insulators arc made up 
in shells which arc cemented together, 
the shells of small insulators being often 
cemented by the glaze on the imrcelain. 

The shells are so designed as to fonn 
^'petticoats’* which furnish a long leak- 
age path for the current over the surface 
and thus reduc'e the leakage'. 

The insulator is made of such size 
that the striking distance from the con- 
ductor to the pill shall be great enough 
to prevent the breaking down of the 
air and the consequent short-circuit of 
the line. On the xop of the insulatrir 
is a groove in which the conductor lies, 
and below is a flange to which some 
kind of a binding or clamping device 
is attached. 

TVpicJ^l high-tension insulators are 
shown in Figs. 201 and 202. Tlie form 
of insulator described is the pin insu- 
lator, so called on account of the man- 
ner of mounting. This form has its 
limitations because of the mechanical 
weakness of the pin in very high insu- 
lators. A new. type has, therefore, 
been developed in which the conductor 
hangs from the insulator and the insulator from the crossaim. 
Fig. 203 shows a very modem high-tension tower equipped with 



Pis. 200. Steel Tower with Inni- 
utore Mounted One ebovo the 
other 
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suspension insulators. The wires, which are not shown, hang 
from the bottom insulators. The insulator is seen to consist 



of a string of shells, the number of shells being detemiine<l by 
the voltage which is to be insulated against. In this case the 

line is able to carry 150, 0(X) 



Slg. 203. Modern Bigh-Tenelon Tower with 
Suipeniion luulatoia 


third rail and supply connection 
circuit, usually consisting of the r 


volts and each insulator has 
eight sections. 

In Fig. 204 is shown a 
section of a typical suspen- 
sion insulator. It is a porce- 
lain shell with gah anized-iron 
fittings by which it may be 
attached to similar shells 
above and below. 

DISTRIBUTION SYSTEM 

Component Parts. The 
elements of the distribution 
system are: the trolley wire 
or third rail through which 
the current flows to the cars; 
the feeders^ which supple- 
ment the trolley wire or 
substations; and the return 
ling rails, and, in some cases. 
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an auxiliary negative feeder through which the current travels 
back to the station. 

OVERHEAD CONSTRUCTION 

T^es. On city lines and on some light interurban and 
suburban roads the so-called direct-suspended trolley wire is used 
with bracket constnictioii for 
single track and span con- 
struction for double track and 
on congested city streets. On 
high-speed interurban lines 
and for steam railway elec- 
trification a catenary con- 
struction is employed, which 
is much more suitable for 
high-speed running and is 
also adapted to pantograph 
collectors. 

Section Insulators. It is 
frequently desirable to dis- 
connect the power from cer- 
tain sections of a trolley line 
without interrupting the sup- 
ply to other ])ortions of the 
system, and for this purpfxse 
sec*tion insulators are instalk'd at regular intervals. Such an 
insulator usually consists of terminal clamps for the trolley 
wire connected by wockIcu insulating picci^s, one type being 
shown in Fig. 205. The trolley wires ending at the wooden sec- 
tion are connec-ted to a pole, and a single-pole switch is provided 
for short-cifcuitiiig the insulator under normal conditions. In a 
large city system it .sometinu*s happens that a short-circuit may 
occur, owing to the grounding of a trolley wire, causing the circuit- 
breakers in the power station to open on account of tlie heavy 
current flowing oyer the circuit of low resistance. Should a condi- 
tion of this kind continue for any length of time, the entire power 
station would be disconnected from the trolley circuit until repairs 
were made. This possibility is prevented by the use of individual 
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feeders, each of which has its own breaker, so that the effect of 
the accident is localized and the service is continued on the other 
parts of the system. 

Supporting Wires on Curves. In supporting the trolley wire 
on curves it is necessary to pull the wire from one side in order 
to make it conform as nearly as possible to the curvature of the 
track. The method employed on a 90-<legrcc curve is illustrated 
in Figs. 206 and 207. The backbone type of construction, shown 
in Fig. 207, is the simplest metliod of handling a trolley wire on 
the curves. Ixxal conditions must be considered in determining 
how the wire must be supported. 

Direct-Suspended Trolley. In tlie direct-suspended type of 
constnictiou. as indicated by the designation, the trolley wire is 
supported directly on the cross span wire or bracket by means of 



Fik 20.1. Soctiun InsiUator fur Trolley ^ne 
Cuvwlcau of (tfiural EUvtru- Company, Schenectady, ^few York 


suitable hangers and attaching fie\ices, called cars, which permit 
the trolley w'hecl to pass without interference. The trolley wire 
most comnlbnly used is the grooved type, but wire with a figure- 
eight st'ction. Fig. 208, and round wire, Fig. 209, arc also used. 
The size most commonly found is No. 0000 B.&S. gage, although 
many lint's use as small as No. 00. With either the figure-eight or 
the groovtsl w'irc, supporting clamps are used which fasten to the 
upper part of the wire, leaving a smooth surface underneath for 
passage of the trolley wdiecl. With the niund trolley w'ire the 
ear is soldered to the wire. A hanger and an ear for use with 
round wire are illustrated in Fig. 210. 

Hanger, In Fig. 211 is shown a cross-sectional view of a 
hanger similar to the one in Fig. 210. The head of the bolt is 
molded to the cap C, Fig. 210, wdiich is of molded insulating 
compound. The completed hanger is assembled so that the span 
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wire or supporting bracket is completely insulated from the live 
trolley wire. In the illustration the span wire passes through the 
clamp R, which is bent around it for permanent fastening. There 
are other forms of hanger, two of which are shown in part section 
in Figs. 212 and 213. 

Clamp, The construction of clamps used for 
supporting grooved and figure-eight wires is shown 
clearly in Figs. 214, 21.5, and 216. There are other 
devic*es for performing the same duty, all of very 
simple construction and designed to be assembled 
easily and quickly. 

SyanrWire Construction. The supporting wires 
ro cy ire coiistructioii is uscd arc usually of gal- 

vanized, stranded, steel cable. In ordt^r to increase the insulation 
between the trolley wire and the supporting structure, strain 
insulators, so-called, Fig. 217, are placed in the span wire. A strain 
insulator is adapted to withstand the great tension which is nec- 
essary in onler to tighten the wire for supporting the trolley 
line and insulating equipment. 

Wherever possible, w'ockIcii ]K)1cs arc used on account of their 
low cost. In city streets tubular steel poles and, in some cases, 
reinforced concrete poles are commonly used. A simple span-wire 
construction for a single-track interurban 
line is represented in Fig. 218. 

Bracket Construction. The cheapest 
method of trolley construction is the bracket 
tjqje, Figs. 219, 220, and 221, in which the 
trolley wire is supported diivctly from iron 
brackets mounted on a pole at one side of 
the track. This bracket maj" be either of 
angle or pipe construction, and" the sup- 
porting end is reinforced by attaching a 
brace, which is carried to a point 2 feet or 
thereabouts above the point of attachment 
T?dieyWre”sSld5!d’^'*‘ bracket. Some flexibility in the sup- 

pi*ee trolley wire is secured by hang- 

ing a short span of wire between the pole and a projection from the 
outer end of the bracket. This allows a small motion in a vertical 




402 


ELECTRIC RAILWAYS 


211 



Fig. 210. Hanger and Ear for Round Trolley Wire 



Fig. 211. Croea-Sertion of Hanger, Showing 
Conatxuction 



Fig. 212. Section of Hanger 



ilg. 213. Seotlon of Hanger 
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direction upon the passage of the trolley and improves the flex- 
ibility of the construction. 



Fik 211 C'luiiip UhimI with OrixivcKl TroUpy 'Wirr 


Catenary Construction. The direct-suspended t>'pe of con- 
struction, cither span or bracket t>'pe, requires supports at points 



Fir. 2iri SocMnii throuRh FIr. 21(1 Sootion throuRh Clamp 

Cianip Sliowii in Fir 214 for FiRiin'-KiRbt Wire 



FI*. 217. Strain Insulator 


not more than 100 feet apart, and 
even under these conditions there 
is an appreciable sag of the wire 
midway between supporting points. 
This condition is objectionable with 
high-speed running, since the trolley 
w^ire is carried somewhat above the 


point of support by the traveling trolley wheel and, upon reaching 


the point of support, strikes the hanger a heavy blow, materially 
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reducmg the life of both the trolley wire and the hanger. With 
pantograph operation it is practically impossible to use direct 
suspension, since the projecting portions of the collector would 
strike the supporting bracket or span-wires. In order to provide 



Fig. 223. Span Conatruction of Catenary Type 


a suitable trolley wire for high-speed and pantograph work, the 
catenary method of support is us^. In general, in this type of 
construction, Figs. 222, 223, and 224, there is a steel messenger 
wire insulated from the supporting structure, and the oontluit 
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wire is supported from the messenger wire by hangers located at 
equal intervals. By using hangers of unequal lengths to conform 
to t})e sag of the messenger it is possible to string the trolley 
wire on approximately a horizontal line. Catenary construction 
is known as three point, five point, or eleven point, as the case 
may be, depending upon the number of supporting hangers. 



Fig. 224. Catenary Syatciu un Light Brace Construction 

With this type of construction it is possible to obtain a well- 
constructed collecting system with wood poles at intervals of 150 
feet on tangent track. With steel-bridge construction supporting 
points are as far as 300 feet apart. 

Types. One of the important features of catenary construc- 
tion developed in recent years is the so-called loop lianger shown 
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in Fig. 225, which allows the pantograph 
or trolley pole to lift the contact wire slightly 
without lifting the messenger itself. This 
gives a very flexible contact and perceptibly 
decreases the sparking at supporting points 
during heavy current collection. A still more 
effective method of catenary support is illus^ 
trated by the Chicago, Milwaukee and St. 
Paul Railway electrification, in which two 
trolley wires are suspended side by side, sup- 
ported by hangers at alternate points so that 
when the collector strikes one hanger the 
other trolley wire is at mid-span. This type 
of construction. Figs. 226 and 227, of course, 
is suitable only for heavy current collection 
where two trolley wir(!s are desirable for feeder 
capacity as well as for collection purposes. 
Another form of catenary construction, P'ig. 228, 



FfR. 225. GnipralEloo. 
tno Catciwry llanger 



Elg. 226. Steady Brace for Two Trolley Wirea, Roller and Slider Trolleys Mounted on 

T Iron Bracket 

Courttty 9f General Electric Company, Sehenedady, New York 
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FIr. 227. Bracket Coiuttmcl’ion on LiKht Curves 
Courtesy of General EleOric Company, SchmeclaJy, New York 



Noi. D«U*. 
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used by the Pennsylvania Railroad at Philadelphia, by the New 
Haven, and by some other a.c. roads, is the so-called double 
catenary, the contact wire being fastened to the current-carrying 
conductor which is supported by the hangers. The object of this 
double suspension is to secure a more uniform sup]:>ort, thus avoid- 
ing the possibility of sparking at contact points. 

THIRD-RAIL CONSTRUCTION 

Extent of Use. Under certain conditions it is desirable to 
use third-rail conductors for distribution of direct current; this 
was especially true before the advent of tlie higher d.c. voltages. 
«riiird-rail construction is used extensively on subway and elevated 
systems and on several terminal divisions where overhead con- 
struction is undesirable. 

Rails. In this country there are two ty])es of third-rail 
construction in use, designated, respectively, as over-running and 
under-running. Ordinarily the conductor rail is of standard 
T section and may be of the same composition as the running 
rails. A more desirable type of rail, however, is made up especially 
for the puniose aiul is of soft steel of high electrical conductivity. 
The weight of conductor rails varies from 40 pounds per yard* 
to 150 pounds per yanl in the case of the special section used on 
the Pennsylvania Terminal at New York and on tlie I^ng Island 
Railroad. The conductor rail is supported on insulators which 
combine good mechanical strength with good insulating qualities. 
Iron or steel is usually employed for mechanical strength, and 
porcelain or hard insulating composition for dielectric strength. 

Over^Running Construction. A simple insulator for the over- 
running type of construction is shown in Fig. 229. This consists 
of an iron base with holes to permit screwing to the tie, which 
is extended ato a point beyond the clearance limits of the road. 
On the base is a block of molded insulating material, on the top 
of which is an iron clamp holding the base of the rail firmly in 
position. The weight of the rail helps to hold it in place; and, 
the pressure of the contact shoe being downward, there is little 
side strain upon the conductor rail. 

*Baib rated by the weight per yard. It ie convenient to remmber that the weight 
per yard b i ywwiwie.tely equal numerieally to 10 Umee the croe e eection in aquare iaehee. A 
eubie iaeh ol aleal waigha about 0.28 pound. 
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Undei^Runninf Constnictioii. The inverted, or under-ninning, 
type of third-rail construction b shown in Figs. 230 and 231. 
The details of the mechanical and insulating parts are plainly 
shown. This type of construction is much more successful where 
severe snowstorms or sleet storms are experienced, as these tend 
to interfere with the operation of the exposed t^pe of rail. There 
is also less danger of accident to employes and smaller probability 
of interruption due to accidentally short-circuiting the rail to the 
ground. 

Bonding. The sections of conductor rail are electrically con- 
nected by copper bonds which are riveted or welded to the ends 
of the abutting raib. 

RETURN CIRCUIT 

Rail Bonds. The track raib are practically always used as 
the return circuit, which is at approximately ground potential. 

It b therefore important that 
the resistance of these raib be 
reduced to as low a value as 
possible. For this purpose the 
ends of the raib are connected 
together with copper bonds, 
making the joint resistance as 
nearly as possible the same as 
that of the rail. It b not eco- 
nomical, however, to install 
sufficient copper to equal the 
actual rail resistance. 

Stsse of Bond, To meet electrical requirements, it would be 
sufficient to connect the rails with the shortest possible bond, 
thus avoiding any unnecessary cost of copper. Th^ mechanical 
considerations, however, necessitate much longer bonds in order to 
provide for the expansion and contraction of the track and to 
enable it to withstand vibrations due to frequent passage of 
trains. Various tests have been conducted with different types of 
bond construction to determine the greatest flexibility and conse- 
quently the longest4ived type of construction. These tests indi- 
cate that the ribbon conductor will withstand a greater number 
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of vibrations than either the round or pressed cable, for the same 
length of bond. These tests also indicate that the break in every 
case starts at the center of the conductor, regardless of the form 



Fic. 232. EipoBed Bond Spanning Jdnt Plate of T Rail 
Couriuv ofGmtrtil EUdrie Company, Schenectady, New York 

of bond. From these tests it has been determined that tracks 
carrying heavy traffic should be bonded with conductors not less 
than 12 inches in length, while for lighter traffic 10-inch bonds are 



Fig. 233. Ribbon Bond ^ 

Courteey of General BUetru: Company, 8ekeneelady,New York 


sufficient. A good general rule for the size of bond is that the 
total cross-section of the bonds on the two rails or on the several 
rails should equal the" total cross-section of copper trolley wire 
and feeder cable. 



Fig. 234. Compraaed Terminal Bond on Web of Rail 
CeurUey a/ General EUetrie Company, 8ehenedady,New York 


Types. Wherever conditions permit, the bond should be con- 
cealed under the joint plate; thb protects the bond from mechan- 
ical iigiiiy or from possible theft. On some types of construction. 
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however, there is no space available for installing the bond under 
the joint, and for these cases it is necessary to use an exposed 
bond, either connecting the rait heads or, as in Fig. 232, extending 
the entire length of the joint 
plate. For this purpose both 
stranded and solid wire bonds 
are used. The solid bonds are 
entirely satisfactory when used 
on rigid construction, such as 
where steel crossties are set in 
concrete and the rail is sup- 
ported by the adjacent pave- Fig. 235. Powj^ie jkjrw Rail Bond 
ment. 

The t^^ of bond most commonly used is constructed with a 
terminal stud. Figs. 233 and 234, approximately 1 inch in diameter, 
which is installed by means of a double-screw compressor, Fig. 235, 
operated by one man with a standard 40-inch wrench. This 
device is capable of exerting a pressure of 20 
tons. After the holes are drilled in the rail, one 
or more annular grooves are cut in the walls of 
each hole. A terminal stud fits into each hole and 
is subjected to suck great pressure by the screw 
that it expands and fills the grooves in the hole. 

The projecting edges are next riveted down, mak- 
ing a permanent attachment. In Fig. 236 is shown 
a section of the web of a rail with the stud in 
place after being put under sufficient pressure 
to fill the grooves. Care should be taken to 
avoid the use of oil in drilling the hole, and after 
the terminal has been forced into place it should 
be sealed by the application of suitable paint. 

Another type of terminal is known as the 
tubular stud. Fig. 237. These bonds are also com- 
pressed into the holes by means of a taper punch, 
which passes through the center of the terminals. 

Another form of terminal is known as the twin-stud type. Fig. 238. 
These terminals are hammered into the rail head^ completely filling 
the hole and grooves. Fig. 239, which are made for the purpose 



Fig 286. SMion 
through Roil 
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of andioring the rivet. Soldered rail bonds are also used to a 
oertiun limited ejctent. The installation of a soldered bond requires 

thc$ greatest care to ensure both 
riectrical and medianical attach- 
ment between the copper and the 
steel. 

Maintenance. In order to 
maintain the bonding system in 
good condition, periodical tests 
must be made to discover defective 
joints. It is also of great im- 
portance to keep the running rail 
itself in good condition to avoid motion between the ends of the 
rails, which will tend to loosen the bonds or break the strands. 

Resistance of Track. 
The resistance of the re- 
turn circuit is sometimes 
much higher than it 
should be, owing to the 
poor contact of the 
bonds. The resistance 
of rails varies greatly 
with the proportions of 
carbon, manganese, and phosphorus. The following figures, how- 
ever, may be regarded as a^'erage values for the rail alone. 


dght per Yard 

ReButanoe Single Bail per Mite 

(lb.) 

(ohm) 

• 50 

0.095 

60 

0.079 

70 

0.063 

80 

0.059 

‘ 90 

0.053 


A single track laid with continuous rails would have one-half 
the leristance given, since there are two rails in paraUel. 

A bond may be considered good when the bond and 1 foot 
of the rail over it have a resistance equal to 5 feet of the.,8olid 
nfl. The theoreticaliy perfect bond, as previously esphined. 




Fig. 237. Section of Tubalu>4Ciid 
Temunal 

CowiMv c/Omeraf Sleetrie CompoKUt 
aehmmiady,NtwYork 
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would be equal in conductivity to the rail, but such a bond 
would be too expensive. 

SxamptB. What is the tiaek reeistanoe of a double-tmok road 10 miba 
longi laid with 70>pound 30-foot raib and bonded bo that each bond and the 
foot of xail between ita terminals have the name reBistance as 5 feet of nil? 

As there are four rails in parallel, the resistance per mile is one-fourth 
of the value given in the tabulation. There is one bond in each rail every 
30 feet, and this adds 4 feet of rail as far as the resistance is concerned. 
The resistance of 1 mile is, therefore, increased in the mtio of 34 to 30. Tlie 
tnok resistance is, therefore, 

34 0.063 

J2-10X—X^^ -0.178 ohm 

Bond Testing. It is important to test the conductivity of 
rail bonds from time to time in order to determine if they have 
deteriorate so as to reduce their 
conductivity and introduce an 
unnecessary amount of resistance 
into the return circuits. One way 
of doing this is to measure the 
drop in voltage over a bonded 
joint as compared with the drop 

in an equal length of unbroken rail. ssc SerUun of Twin^tud 
To do this, an apparatus is em- « Forced iutoii«iHe«i 

ployed whereby simultaneous contact will be made bridging 3 or 
more feet of rail and an equal length of rail including the bonded 
joint, as shown in Fig. 240, which illustrates the connections of a 
common form of apparatus where two millivoltmeters are employed 
to measure the drop in voltage of the bonded and the unbonded 
rail simultaneously. If the current flowing through the rail due to 
the operation of the cars were constant, one millivoltmeter might be 
used, connected first to one circuit and then to the other. The 
current in* the raU, however, fluctuates rapidly, so that two 
instruments are necessary for rapid work. The resistance of the 
bonded joint is usually considerably more than that of the 
unbroken rail, and the n^voltmeter used to bridge the joint conse- 
quently need not be so sensitive as that bridging the unbroken rail. 

In another form of apparatus a telephone receiver is used 
instead of the millivoltmeter, the resistance qf a long unbroken 
rafl being balanced against that of the bonded jomt, as in a 
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Wheatstone bridge, until, upon closing the circuit, these two 
lesistances when balancerl give no sound in the telephone receiver. 

Bond tests of the kinds described can be made with satis- 
faction only when a considerable volume of current is flowing 
through the rails at the time of tho test, because the drop m 
voltage is dependent on the current flowing, and in any event is 
small. It has sometimes been found necessary or advisable to fit 
up a testing car equipped with a rheostat which will itself use a 
large current so as to give a current in the rail large enough to 
give an appreciable drop of potential across a bonded joint. Some 
of the latest forms of testing cars carry motor-generators which 
pass large currents of known values through bonded joints and 



so cause drops across the joints large enough to be easily 
measured. 

Supplementaiy Return Conductors. On some large roads it is 
necessary to run additional return feeders from the power house to 
various points on the system to supplement the conductivity of 
the rails. Otherwise the track rails near the power house would 
have to carry all the current, and in some cases there are not 
enough* such lines of track passing the power house to do this 
properly. Sometimes these feeders are laid underground in 
troughs, sometimes bare in the ground, and sometimes on over- 
head pole lines. When the return feeder is laid in the ground, 
old rails may be used instead of copper or aluminum cables, the 
rails being thoroughly bonded to give a conductivity nearly equal 
to that of the unbroken rail. 
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FEEDER SYSTEMS 

Types. There are two general schemes of d.c. feeding in 
common use. One of these is shown in Fig. 241. Here the trolley 
wire is continuous and is fed into at different points. The long 



feeders supplying the more distant portion of the road are larger 
than those supplying the trolley near by so as to maintain as 
nearly as is feasible the same voltage the entire length of the 
line. The plan shown results in a higher voltage near the power 
station than at distant points, but the distribution of voltage is 
better than if the heaviest feeders were feeding into the trolley 
near the power house. In the other plan, Fig. 242, the trolley 
wire is divided into sections and each is fed through a separate 
feeder which is of such size as to maintain the same voltage on all 
the sections with the ordinary load. 

Feeder Calculations. In estimating the proper sizes of wire 
for a feeder system probable loads are assumed at certain points 
along the line. These will depend on the size and number of 
cars in operation, grades, and many local conditions. 



Jfig. 342. Feeder System Veiog Bepante Trolley Seetions 


Sxamjie. AsBume that three can are placed, as shown in Fig. 242, 
each at the end of a feeder section and that each is drawing 60 amperes. 
The line voltage is 600 and the allowable drop in feeders, trolley, and return 
circuit is placed at 10 per cent, or 60 volts. The track is single and laid 
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TABLE VI 
Rail-Retistance Data 



End of 
Section 1 

End of 
Section 2 

End of 
Beotlon 3 

Drop in track section, volts 

Total drop in track, volts 

Drop in trolley wire, volts 

Total drop in track and trolley wire, 
volts 

Allowable urop in feeder, volts 

Feeder resistance, ohms 

Feeder resistance, ohms per mile 
Nearest (larger) sise of wire from 
wire tables 

10.72 

10.7 
20.5 

31.2 

28.8 
0.576 
0.576 

0 

mfm 

3.57 

21.5 

20.5 

31.2 

18.0 

0.36 

0.072 

750000 c.m. 


with rails weighing 70 pounds to the yard. The trolley wire is No. 00. 
The lengths of the sections are as given in the illustration. 

As the sises of trolley wire and rails are given, the drops in these must 
be calculated first, and the remainder of the allowable drop will be that 
which may occur in the feeder. The current in each trolley wire is 60 
amperes and from wire tables a mile of No. 00 wire will cause a drop of 
20.5 volts with 50 amperes. The current in the two miles of track nearest 
the power house is 150 amperes; in the next section, 100 amperes; and In 
the last section, 50 amperes. The corresponding voltage drops are calculated 
from these currents and the resistance of the track sections. A 70-pound 
rail has a resistance of 0.003 ohm per mile, Table VI. As explained before, 
this may be increased in the proportion of 34:30 to allow for bonding; and 
as there are two rails in parallel, the rail and bond resistance must be divided 
by two. The track resistance of each 2-mile section is, therefore, 0.0715 ohm. 
The drop in the first section (nearest the power house) is 150X0.0715, or 
10.72 volts; that in the second section is 100 X0.0715, or 7.15 volts; and that 
in the third section is«60X0.0715, or 3.57 volts. The track drop from the 
power house in each case is obtained by adding together the individual drops. 
Hence, the drop to the end of section 1 is 10.7 volts; to the end ol section 2, 
17.9 volts; and to the end of section 3, 21.5 volts. 

As a total drop of 00 volts at each car in the positions shown has been 
allowed, the allowable drop in each feeder may be obtained by subtracting 
from 60 volts the calculated drop in trolley and track in each ease. Then, 
by dividing the drop by the emresponding current, the totid resistance of 
each feeder is determined. Dividing this value by the length of the feeder 
gives the resistance per mUe or per thousand feet, and the correqpondiiig 
sue can be read directly from a wire table. After doing this there result 
the values shown in Table VI. 

STRAY EFFECTS OF ELECTRIC-RAILWAY CIRCUITS 

Electrolytic Cmrontf. Much hu been said about the possi- 
bilities of electrolysis of underground metal by the action of 


420 









ELECmUG RAILWAYS 


return currents of dectric railways, when operated as th^ usually 
are with grounded circuits. If electric current is passed through a 
liquid froqi one metal electrode to another, electrolysis will take 
p]fK»; that is, metal will be deposited on the negative pole, and 
the positive pole, or electrode, will be dissolved by becoming 
oxidized from the action of the oxygen collecting at that pole. 

In an electric-railway return circuit there is necessarily a dif- 
ference of potential between the rails in outlying parts of the sys- 
tem and the rails and other buried pieces of metal located near the 
power house. The value of this difference of potential depends on 
the loss of voltage in the return circuit. Thus, suppose there is a 
drop of 25 volts in the return drcuit between a certain point on 
the system and the power station. There is, therefore, a pressure 
of 25 volts tending to force the current through the moist earth 



rig. 243. fMagnm SlMwing Stray Current to Water Pipe 


from the rails at distant portions of the line to the rails, water 
pipes, and other connected metallic bodies located in the earth 
near the power station. The value of the current that will thus 
flow to earth in preference to remaining in the rails depends on 
the relative resistance of the rails, the earth, and the other paths 
offered to the current to return to the power house. 

To take a ve^ simple case, suppose a single-track road. 
Fig. 243, with a power house at one end and a parallel line of 
water pipe on the same street passing tlie power house. If the 
poritive terminals of the generators are connected to the trolley 
wire, the current passes, as indicated by the arrows, out over the 
trolley wire through the cars and to the rails. When it has 
reached the rails it has the choice of two paths back to the power 
house. One is through the rails and bonding; the other is through 
the moist earth to the line of water pipe and back to Urn power 
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house^ leaving the pipe for the rails at the power house. Should 
the bonding of the rails be very defective, considerable current 
might pass through the earth to the water pipe. 

From the principles of electrolysis, it is seen that the oxidizing 
action of this flow of current from the rails to the water pipes at 
the distant portion of the road will tend to destroy the rails but 
will not harm the water pipe at that point, as it will tend to 
deposit metal upon it. When, however, the current arrives at the 
power house, it must in some way leave this water pipe to get 
back to the rails and so to the negative terminals of the gener- 
ators. There is thus a chance for corrosion of the water pipe, 
because at this point it forms the positive electrode, which is the 
one likely to be oxidized and destroyed. This very simple case is 
taken merely for illustration. In actual practice the conditions 
are never so simple as this, for there are various pipes located in 
the ground in various directions, which complicate matters very 
much; but it is evident from this simple example that the points 
at which corrosion of water pipe is to be expected are those at 
which currents leave the pijie to reach some other conductor. 

As an indication of how much current is likely to leave the 
water pipes at various points, it is customary to measure the 
voltage between the water pipes and the electric-railway track and 
rails. When this voltage is high, it does not necessarily mean that 
a large volume of current is leaving the water pipes at the point 
where these pipes are several volts positive witli reference to the 
rails; but such voltage readings indicate that if there is a path of 
su£Bciently low resistance through the earth and if the moisture in 
the earth is sufficiently impregnated with salts or acids, there will 
be/ trouble from electrol^'tic action due to a large flow of current. 
There is no method of measuring exactly the amount of current 
leaving a water pipe at any given point, since the pipe is buried in 
the earth. Voltmeter readings between pipes and rails simply 
serve to give an indication as to where there is likely to be trouble 
from electrolysis. The danger to underground pipes and other 
metallic bodies from electrolysis has been much overestimated by 
some people, as the trouble can be overcome by proper care 
and attention to the return circuit. Trouble from electrolysb, 
however, is sure to occur unless such care is given. 
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Frew/nJtum of Eledrolysia. Remedies for electrolysis may be 
classified under two heads — general and specific. The general 
remedy is to make the resistance of the circuit through the rails 
and the supplementary return feeders so low that there will be but 
little tendency for the current to seek other conductors, such as 
water and gas pipes and the lead covering of underground cables. 
This remedy consists of heavy bonding, of ample connections 
around switches and special work where the bonding is especially 
liable to injury, and of additional return conductors at points near 
the power house to supplement the condmtivity of the rails. It is 
important that all rail bonds be tested at intervals of sue months 
to one year in order that defective bonds may be located and 
renewed, as a few defective bonds can greatly lower the efficiency 
of an otherwise low-rcsistaiice circuit. 

The specific remedy for electrol^'sis, which may be applied to 
reduce electrolytic action at certain specific points, consists in con* 
necting the water pipe at the point where electrolysis is taking 
place with the rail or other conductors to which the current is 
flowing. Thus, for example, if it is found that a large amount of 
current is leaving a water pi^ie and flowing to the rails or to the 
negative return feeders at the power house, the electrolytic action 
at this point can be stopped by connecting the water pipe with the 
rails by means of a low-resistance copper wire or cable, thereby 
short-circuiting the points between which electroljlic action is tak- 
ing place. There are certain cases in which it is advisable to 
adopt such a specific remedy. It should be remembered, however, 
that a low-resistance connection of this kind, while it reduces elec- 
trolysis at points near the power house, is an added inducement to 
the current to enter the water pipes at points distant from the 
power house. This follows because the resistance of the water- 
pipe path td the power house is decreased by the introduction of 
the connection between the water pipe and the negative return 
feeder at the power house. With the water pipes connected to the 
return feeders in the vicinity of the power house, the current 
which flows from the rails to the water pipes at points distant 
from the power house will cause electrolysis of the rails but not of 
the water pipes, since the current is passing from the earth to the 
pipe, the pipe being negative to the earth. In this case the 
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principal danger b that the high resbtanoe of the joints between 
the lengths of water pipe will cause current to flow throu^ the 
earth around each joint (as indicated on some of the joints in 
Fig. 243) and thus produce electrolytic action at each joint. It b 
evident, however, that the conditions of the track circuit 'and 
bonding must be very bad if current would flow over a line of 
water pipe, with its high-resistance joints, in sufficient volume to 
caiise electrolysb, in preference to the rail-return circuit, especially 
since ordinarily the resbtanoe offered to the flow of current over 
the water pipes back to the power house must include the resbt- 
ance of the earth between the tracks and the water pipes. It b 
usually considered inadvisable to connect tracks and water pipes 
at points distant from the power house, because of the danger of 
electrolysis at pipe joints. 

Inductive Interference. On single-phase railroads some trouble 
has been experienced from interference with neighboring telephone 
and telegraph lines, owing to the induced currents caused by the 
rapid fluctuations in the railway conductor circuit. Serious inter- 
ference has been caused where the telephone and telegraph dr-, 
cuits were many feet dbtant from the railway lines. This problem 
has been carefully studied, and several methods have been employed 
to reduce the disturbance, but so far it has not been possible to 
eliminate the inductive effects entirely. 

. SIGNAL SYSTEMS 

Importance of Safety. In the operation of electric railways 
safety .to passengers and equipment b a prime consideration. In 
the operation of high-speed interurban railways, particularly in the 
case of single-track roads, there b great danger of collbion and 
damage unless provision b made for giving the train crews idbble 
information regarding the location of other cars within a short 
dbtance and on the same track. 

Dispatcher. Cars are operated upon a regular schedub which 
provides for the safe operation of the road if all cars are strictly on 
time and if there are no extra or spedal cars on the line. Special 
cars are a great source of danger unless theb location b known to 
the crews of all cars wbk*h might posriUy odlide with thens. 
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duty of tho dispatcher in a railway system 4 fo bo tagu- 
late the movements of the cars that safety will result. He will be 
assisted by the use of some sort of a grrpbical time-table or train 
sheet such as is shown in Fig. 244. This is laid out with the time 
as the base and the position of the cars as the vertical scale. A 
diagonal line on the diagram drawn at such an angle as to ooi^ 
respond with the average speed will si ow at each instont the 
approximate jiosition of a given car. Ai.y number of regular and 
special cars can be followed in this way. This graphical time- 
table can also be made by means of a loard supplied with pc^ 
at the beginnings and the ends of the runs and strings connecting 



Fic. 944. Railway Train Sheet 

them. Such a diagram can be readily changed. The intersections 
of the lines of opposite slope show the passing points and the cor- 
responding times. This is a matter of great importance in the 
case of a single-track road. 

In addition to the time-table it is necessary for some means to 
be piroi^ed whereby the train crews can get into touch .with the 
dispatcher to learn of special orders, espedally if the cars are off 
schedule. Tdephones located at convenient pomts, such as turn- 
out^ answer this purpose. These aUow the crews to call up the 
dispatcher, but do not pennit the dispatcher to call up the crews. 
With a simple telephone system it is, therefore, necessary to have 
very strict rules regarding the calling up of the dispatdier in case 
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of any doubt. In addition to the tdephone system it is desirable 
to have some kind of signab which, can be set by the dbpatcher 



Fig. 245. Hand'Operated BIopIc Syatem 

to call the crews to the telephone. Progress *is being made in 
this direction. 

Block Signals. For some time the steam railways have used 
the block plan of operation, the road being divided into signal 
sections, or blocks. A block b a section protected at the ends 
by signals indicating whether or not a train is in it. These 
signals may be set by hand, or they may be automatic, that is, 
set by the trains. Signab for steam railways have been brought 
to a high state of perfection. They are very expensive, and the 
cost of a system such as b used on a steam railway would be 
prohibitive for electric railways in most parts of the country. At 



the same time simple block-signal systems are being installed on 
a number of roads, which indicates that the difficuhies met with 
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in pToducing a simple, cheap, and effective signal are being over- 
come. Some of the elements of these systems will be described. 
It should be remembered, however, that the art is in a state of 
development at present and practice caimot be considered as 
standardized. 

HandrOperated. The simplest block signal used by electric 
roads is a hand-operated one constructed on the principle shown in 
Fig. 245. At each end of the block a bank of lamps is located to 
indicate whether or not the block is clear. The lamps are placed 
in a weatherproof box with a glass window. Red glass is some- 
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FSg. 247. Diagram of Automatie Block-Signal Syitom 


times used to suggest danger. A double-throw switch is con- 
nected with the lamps at each terminal of the section, as shown in 
the illustration. The switches have no central position, the knife 
blade always making contact with one or the other of the termin- 
als shown. If the lamps are lighted, throwing either one of the 
switches will put them out, and if they are not burning they will 
be lighted by throwing either one of the switches. A motorman, 
on reaching a section of track and finding the lamps not burning, 
throws the switch. Lamps then bum in each switch box and show 
that the section b in use. On arriving at the other terminal of 
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which are displayed through the circular opening. In the lower 
part of the box, submerged in oU, are the relays, or magnets, 
by which the semaphore discs are moved and the electric circuits 
controlled. The trolley switch. Figs. 251, 252, and 253, consists 
of, a light angle-iron frame hung from an insulated hanger and 
carrying blocks of insulating material on w'hich are mounted the 
contact strips. The trolley wheel connects these strips with the 
trolley wire, and from the contact strips wires lead to the relays. 

Before taking up tlie details, 
attention is called to the purpose 
which the device is designed to 
accomplish. Before a car enters 
a block the motorman wishes to 
know if there is a car in the 
block and, if so, in what direction 
it is going. This signal system 
is planned to indicate these two 
items. When there is no car in 
the block, there is no light in 
cither signal box and tlie sema- 
phore discs are down. When a 
car enters the block a white 
light and a white disc are dis- 
played at the entering end, and 
a red light and a red disc at the 
leaving end. The white light 
and semaphore show that an- 
other car may enter the block but must proceed carefully because 
there is a car ahead. If on approaching a block a white light 
is seen, indicating the presence of one or more cars in the 
block and moving in the same direction as the entering car, the 
motorman looks for a blinking of the white light as he passes 
the 'Signal box. This indicates that there is not an excessive 
number of cars in the block. The way in which these features of 
operation are secured is shown in Figs. 246 and 247. 

In Fig. 246 is shown at each end of the block a revolving 
switdi operated by two magnets A and Z). The core of each 
magnet carries a pawl which works backward and forward on 



Fig. 230 . Box, Showing Operating Meohanlem 
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ratchet wheels, rotating the switch in one direction or the other. 
The switch carries a semicircular contact strip which makes con- 
tact with the terminals shown. Each signal box contains a 



Fig. 251. Block Switch, Showing Side Construction 


circuit-breaker C, its winding being connected in the circuit of the 
having trolley switch S in the left-hand station. The operation of 
the apparatus is as follows: With no car in the block, as shown, 
the signal wire (the lower one) is grounded through the red lamps. 
Suppose now that a car enters the block from the left; trolley 
switch 3 is closed and energizes magnet A, the armature of which 
rises and rotates the revolving switch in a clockwise direction. 



Fig. 352. Block Switch, Showing Under-Conatruetion 

This causes the contact strip to break connection with the upper 
terminal and to close the connection with the lower one. Current 
now flows from the trolley wire through v»'ire through white 
light W, in shunt with which is magnet D (wliit'h is energized and 
its core lifted through the revolving switch), through contacts 9 
and 1 of the circuit-breaker C, through the signal wire and the 
contacts 9 and 1 of the right-hand circuit-breaker, through the 

upper contact of the revolving 
switch, through the right-hand 
red lamp to ground. 

The trolley wheeh of the 
entering car closes switch 3 for 

but an instant, after which mag^ 
Fig. 253. saetion of Block Switch ^ jg de-encrgized and its 

armature drops back to the OFF position by gravity. The revolv- 
ing switch, however, remains in its new position. 

When the car leaves the right-hand end of the block, its 
trolley wheel closes the lower trolley switch and energizes the coil 
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of right-hand circuit-breaker C, which opens the signal-wire circuit, 
de-energizing magnet D at the left. The tore of magnet D drops, 
and the pawl rotates the revolving switch backward by exactly the 
same amount that it was previously rotated forward, and the 
whole apparatus returns to the original condition. 

Suppose now that several cars are entering the block in the 
same direction, one after another. As each car closes switch 3, 
the revolving switch is rotated through a small angle, but no 
change is made in the electrical circuit. As magnet A operates, 
a resistance (connection not shown) is connected in series with 
white lamp A, thus causing a flicker which indicates that the 
switch has operated. After a certain number of x‘ars have entered 
the block, the revolving switch can rotate no farther and magnet A 
cannot operate. As the cars successively leave llie block, the circuit- 
breaker opens a corresponding number of times, and the switch is 
rotated backward to its original position when all the cars have 
left the block. 

The connections for controlling tlie semaphore discs are not 
shown. It should be understocnl that the operation of the lamps 
and discs is synchronous. The white semaphore is operated by 
magnet D, and the red one by a magnet in shunt with the red 
lamp but not shown. 

This explanation of the operation of an automatic system is 
deemed sufficient here. For further details of signaling systems in 
general the student is referred to the text on “Railway Signal- 
ing.” A number of electric roads have installed systems which 
use the rails for conducting the signal current. In d.c. railways 
alternating signal current is usetl; in a.c. railways a current of 
higher frequency than the power current is used for the signals. 
The short-circuiting of the rails by the wheels and axles operates 
the signals. 


431 




43 ) 




STEAM RAILWAY ELECTRI- 
FICATION 


PRINCIPLES OF ELECTRIFICATION 

Application of Tenn. By the term *'steam railway electrifica- 
tion" in this discussion is meant the replacement of steam locomo- 
tives by electric locomotives or multiple-unit cars, with suitable 
power supply and feeders for supplying tlie electricity to the 
moving locomotives. Many light steam railways and also many 
elevated systems have been electrified, but in most of these cases 
the change-over has consisted of the substitution of motor cars for 
the steam locomotives formerly used, these cars being comparable 
in the main to what are ordinarily called interurban cars. Since 
the initial heavy steam railway electrification in 1895 made by the 
Baltimore and Ohio Railroad at Baltimore, there have been appli- 
cations of electric locomotives to all kinds of service, including 
tunnel and terminal work, hea^y suburban traffic, main-line 
traffic, grade sections, and switching yards. Table I gives the prin- 
cipal data of a number of American steam railway electrifications. 

Advantages. The advantages of electrical operation are: 

(1) Reduction in cost of motive power; in other words, for the same 
quantity of work the cost of electricity at the wheels of the locomotive is 
te than the cost of coal on the tender; 

(2) Reduction in cost of maintaining locomotives, because a smaller 
number of units will do the same work anfl no parts are subjected to the 
high temperature incident to steam-engine and boiler equipment; 

(3) Improvement of tunnel and terminal conditions by elimination of 
smoke, gas, cinders; 

(4) Elidiination of delays due to coaling, taking water, loss of steam 
in cold Veather, etc. 

(6) Elimination of nonrevenue trains hauling coal or water to be used 
as fhel and supplies for steam engines; 

(6) ineresued tonnage per train; 

(7) Increased speed on limiting grades; 

(8) Reduction in train-crew hours per ton mDe hauled, resultfaig from 
(6) and (7); 

(9) Greatly increased safety of operation and reduction in track and 
wheel wear where regeneration is used on divisions including severe grades. 
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The reasons for the electrification of the railroads now using 
electric locomotives have been: first, improvement of tunnel and 
terminal service; second, compulsory legislation; third, increased 
track capacity on grade sections; and fourth, actual savings in the 
cost of transportation. 

An electric locomotive coupled to the Twentieth Century 
Limited is illustrated in Fig. 1, and an electric locomotive used by 
the Great Northern Railway in Fig. 2. 

Systems Used. In the United States there arc three com- 
mercialized systems uswl for heavy traffic: direct current at COO, 



lig. 1. CiPnrral Electric 130-Ton, fiOO-Volt Dirert-Current Gearlees 
Locomotive Hauling Twcnlietn Century Luiutni on liUcutritied 
Divuiun of Nea York Central Kailroad 

1200, 1500, 2400, and 3000 volts; alternating current, single phase, 
25 cycles; and alternating current, three phase, 25 cycles. 

Direct-Current System, The d.c. system has been used for 
many years on street railways and elevated lines and employs a 
straight series d.c. motor, which has characteristics eminently 
suited to traction work. In steam' railway electrification the 
same general scheme is commonly employed in the arrangement of 
motors as on the well-tried street-railway systems; that is, the 
motor is geared to the driving wheels and is compactly built so as 
to be carried on the truck frame. 
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Tbe direct current supply is not adapted to long transmission, 
and it is customary to use three-phase alternating current power 
generation, either 25 or 60 pydes, with transmission at high volt- 
age and synchronous converters or motor-generator sets in suitably 
located substations. The d.c. distribution can be either by third- 
rail or by overhead construction. Because of the standard fre- 
quency and three-phase voltage employed, it is frequently possible 
to purchase power and thereby avoid the heavy first cost of 
installing a special generating station. 

Single^Phaae AUemating Current The single-phase a.c. sys- 
tem comprises a high-tension single-phase transmission system 
from which power is usually stepped down to 3300, 6600, or 11,000 
volts for the trolley and again lowered on the locomotives to the 
motor voltage. The control of the motor speed is secured by taps 
on the transformer winding, which gradually step up the voltage 
until full speed is reached. The characteristics of the motor are 
similar, in general, to those of the d.c. motor, but more care must 
be taken in the magnetic structure to avoid eddy-current and 
hysteresis losses due to the alternating fiux. The motor used for 
this work is of necessity somewhat heavier and larger for the 
same horsepower than a d.c. motor. For this reason, the equip- 
ment requires heavier trucks, and the locomotive complete is of 
greater weight than a d.c. locomotive of the same hauling capac- 
ity. The overhead construction requires careful insulation and 
maintenance, and provision must be made to minimize the inters 
ference with neighboring telephone and telegraph lines caused by 
the inductive and electromagnetic effects of the alternating current 
taken by the locomotives. A variation of the straight single-phase 
scheme has been successfully used by the Norfolk and Western 
Railway, consisting of a single-phase distribution with a single- 
phase to polyphase transformation on the locomotive, thus avoiding 
the use of commutator motors by the substitution of three-phase 
induction motors. 

Three-PhoM AUernatmg Current. The three-phase a.c. system 
employs a locomotive wi^ a simple form of induction motor 
adapt^ for mounting on trucks in a way similar to that employed 
with d.c. motors. It is the lightest of all the traction motors for 
its horsq[>ower output. However, it has constantrspeed character- 
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istics which render it inefficient during the period of acceleration 
and cause it to take large drafts of current on grades in order to 
maintain approximately synchronous speed. Since two overhead 
conductors and two sets of collecting devices are required, as well 
as resistors for the rotor circuit, step-down transformers, etc., this 
system is not seriously advocated in the United States. 

C(mclvsio7i8, There has been but one installation employing 
three-phase distribution and locomotives in this country, partly 
because of the objections raised by steam-railroad men to the 
double overhead construction, whicli is necessarily complicated and 
difficult to maintain, especially in switching yards. It is probable, 
therefore, that c^lectrifieation will be confined to the use of high- 
voltage diivct current on the one hand and single-phase alternat- 
ing current, either with commutator motors or with three-phase 
induction motors, on the other. In sections of the country where 
the standard frequency is 60 cycles and where it is more economi- 
cal to purchase power than to build a special power plant, the d.c. 
system has a slight advantage owing to the necessity for frequency- 
changing sets in the case of single-phase distribution, which offsets 
tlie cost of the motor-generator sets for converting the alternating 
current supplied to direct current in the d.c. system. 

The general tendency is toward the fixing of 60 cycles as the 
standard frequency in order to enable the various power users, 
including lighting, industrial, and railway companies, to obtain 
power from the same large system, thus obtaining the highest 
possible load factqr. 

The single-phase system has been successfully used in several 
electrifications, and there is no doubt but that either direct cur- 
rent or single-phase can easily be proved superior to steam-locomo- 
tive haulage. The theoretical simplicity of the single^hase system, 
in which one side of the generator is connected to the; ground 
and the other to the trolley wire, has not been found entirely 
satisfactory in actual service owing to the effect of short-circuit 
surges on the power station and of inductive effects on neighbor- 
ing telephone and telegraph circuits. 

Factors Affecting Electrificatmn. For many years electricity 
has been resorted to by steam railroads for tunnel and terminal 
work under conditions where the use of steam locomotives was 


438 



STEAM RAILWAY ELECTRIFICATION 7 

TABLE II 

Costs of Electrification of Butte, Anaconda and Pacific Railw^ 
Classified in Accordance with Interstate Commerce 
Regulations 

Account No. 1. Engineering and superintendence (including gen- 


eral preliminary report) $ 10937.15 

Account No. 12. Roadway tools (used for construction 19 and 22) 3851.74 

Account No. 16. Crossings, fences, guards, and signs, mostly for 

signs 234.08 

Account No. 17. Interlocking and signal apparatus, new system 

required account of elnctrification 22367.62 

Account No. 10. Poles and fixtures (approximately 91 miles track) 135263.98 
Account No. 22. Distribution system (approximaUdy 01 miles 

track wired) 357009.45 

Account No. 25. Substation building (existing building used) .... 101.15 

Account No. 31.1 Electrical equipment (five 1000-kilowatt inotor- 

Account No. 36./ generator sets and 17 locomotive units) 671764.78 

Account No. 41. Interest 0975.80 

Total 31211595.76 


eartpemely objectionable if not impossible. Consideration is now 
being given to a large number of cases where roads have reached 
the limit of their capacity w'ith steam engines and must either 
build additional track or make grade reductions at a heavy 
expense. By electrification it is possible to practically double 
the capacity of a single-track road over severe grades because of 
the higher o]X!rating speed and the greater hauling power of the 
electric locomotive. 

The principal data necessary for the study of a proposed 
electrification are: (1) condensed profile; (2) map showing curva- 
ture; (3) number of trains per day; and gross weight — ^freight and 
passenger; (4) schedule speed and number of stops; and (5) 
mechanical details such as weight of rail, number and location of 
siding^ etc.* 

From a study of the foregoing data the electrification engineer 
can determine the number and size of locomotives needed, the 
amount of energy consumed in handling the traffic, and the size 
and location of substations. A study of limiting grades makes it 
possible to calculate the amount of feeder copper required, and 
from the substation load assumed a close approximation of the 
capacity of the power station can be made. 
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In order to give a general idea of the factors entering into the 
cost of an electrification the figures given in Table II may be 
studied. These figures cover the cost of electrifying 90 miles of 
track, including 30 main-line route miles of the Butte, Anaconda 
and Pacific Railway. Since this project was completed in 1913, 
the cost figures are on a pre-war basis. 

It will be noted that no expenditure was made for power- 
station or substation buildings, since power is purchased and trans- 
formed in tlie power company’s substations. 

Profile, The detail profile of a railroad, as prepared by the 
company’s engineer, shows every change of grade and usually cuts 
and fills. For determining the size of electric locomotive neces- 
sary, a profile with much less detail is entirely satisfactory. This 
should show the maximum grade between any two points plotted 



and the average grade for the b:mie distance. If the grades 
shown are limiting, that is, such as to limit the weight of train 
which can be hauled, tlie exact length should be shown. 

In designing a locomotive enough weight must be carried on 
the driving axles to start a train of the specified weight on the 
maximum grade without reaching the slipping point of the wheeb. 
The size of the motors is determined by the amount of, power 
required on the limiting grade with a train of the specified weight. 
The length of this grade affects the heating of the motors, which 
will deliver a certain horsepower for one hour or a somewhat 
smaller horsepower continuously. A profile of the electric zone of 
the Norfolk and Western Railway b given in Fig. 3. The student 
will note that the limiting grade b about four miles of 2 per cent 
compensated with an average of 1.66 per cent. 
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Coefficient of Traelion. Electric locomotives are usually rated 
in terms of weight on the driving axles, tractive effort at the one- 
hour rating of the motors with the corresponding speed, and, 
in recent types, the tractive effort at the continuous rating of 
the motors, also with the corresponding speed. By obtaining the 
ratio of the tractive effort to tlie total weight on the drivers, the 
coefficient of traction can be found. It will be seen tliat this 
coefficient is much lower for passenger locomotives than for 
freight units. This is owing to the fact that in designing it is 
necessary to allow a larger reserve for starting heavy passenger 
trains as they start at a higher rate of acceleration than b 
employed with freight trains. The maximum possible coefficient of 
traction is limited by the slipping point of the* wheels, which, with 
ordinary rail conditions, occurs at some point l)et\v'ecn 25 and 30 
per cent of the weight on the drivers. By the use of sand on a 
clean dry rail a much higher coefficient of traction can be obtained 
for short periods. This figure is not dependent upon the capacity 
of the motor equipment, but upon the weigJit of the locomotive 
which is available for traction on the driving wheels. Thirty per 
cent of this weight is sometimes used as tlie maximum tractive 
effort which a locomotive can exert for a short period. 

Cvrre Cmupensation. It is standard practice for most steam 
railways to compensate limiting grades on their system for increased 
friction due to curvature; for example, if a section of track is laid 
out so that the grade is 2 per cent “fully c'omiwnsated,” this 
means that a reduction in the actual grade has been made on the 
curved portions so that the effective resistance to the passage of 
the train up 'gra<le corresponds to that obtained on a straight 
track with a grade of 2 feet in each hundred. This means that 
the actual differeuc'e in elevation between two points 1000 feet 
apart on a 2 per cent grade, instead of being 20 feet, as would be 
the case on a tangent track, is somewhat less than 20 feet, depend- 
ing upon the amount of curvature. This matter is of some impor- 
tance in connection with electrification problems, since the amount 
of regeneration possible is dependent upon the difference in elevar 
tion. The amount of regenerated current which can be sent back 
to the line is thus somewhat smaller than would be the case were 
the grades not compensated for curvature. Thb amount b stilly 
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further reduced by the allowance which must be made for curve 
resistance, which is acting against the motion of tlie train. The 
allowance for curve compensation most commonly used is 0.04 
per cent per degree of curvature, w^hich corresponds to 0.8 pound per 
ton per degree of ciir\^ature for each per cent grade. 

Curve Reeieiance. On most steam railways there are standing 
orders to engine drivers limiting the spl^ed downhill on sections 
where tlierc arc severe grades, espeeially wliere there are curves. 



Fig. 4. Orerhead Conatruction at Ton Degree Curve 


In calculating the amount of energy necessary to pull a train over 
the line an allowance must be made for curve friction rlue^to the 
flanges of the cars pulling against the inside rail. A curve on 
which such an allowance must be made is shown in Fig. 4. 

Total Resistance. The following items make up the total 
resistance to the movement of tlie train which must be overcome 
by the tractive force of the locomotive: (1) train resistance, 4 to 
12 pounds per ton, depending on weights of individual cars and 
running speed; (2) grade resistance, 20 pounds per ton for each 
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TABLE III 

Weight of Trailing Train 


Grade 
(per cent) 

Starting 

Running 

0.5 

1 1 .5X locomotive weight 

24.0X locomotive weight 

1.0 

O.OX locomotive wei^t 

15.7X locomotive weight 

2.0 

C. IX locomotive we^t 

O.OX locomotive weight 

3.0 

4.5X locomotive weight 

6. 1 X locomotive weight 


per cent of grade; and (3) curve resistance, 0.8 pound per ton per 
degree of curvature. 

Example. A 1500-ton trailing freight train is t(^ bo hauled over a 2 per 
cent fully compensated grade. What is the total resistance to be overcome? 
The total train weight is 1500 tons plus the weight of the locomotive, or 
1760 tons. The resistance may be tabulated as follows: 

Train resistance, 1750X6 10500 pounds 

Grade resistjinee, 1750 X40 70000 pounds 

Curve resistance nut included because of cuin- 

pensation 

Total W500 pounds 

Ans. 80500 11). 

Train Weight. The student will note that the assumed 
weight of the locomotive is included in the train weight. There 
are many other factors which the experienced engineer will con- 
sider in making his estimate, but for the present we are only 
interested in the general problem. In Table III is given the 
weight of trailing train that a locomotive can start on given grades 
or can haul on the same grade with a running start. These 
figures are based upon weight on the drivers and do not take into 
consideration the heating of the motors. The train friction is 
assumed to be 10 pounds per ton; the acceleration is 20 pounds 
lier tony; and the coefficient of adhesion is 25 per cent. 

Energy Required. The energy rerpiired to haul an electric 
train over the line is usually expressed in watt hours per ton mile. 
This value varies, depending upon the character of the service. 
For freight trains in main-line service 40 watt hours per ton mile 
is a good value. For subway and elevated trains making frequent 
stops and accelerating a large part of the time, this figure runs as 
high as 170 watt hours. 
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ExampU. Find the total energy consumed by a ISOO-ton frei^t train 
b^g drawn by a 280-ton locomotive over a division 100 miles long, assum- 
ing 40 watt hours per ton mile. 

Energy » (1500+280) X100X40 -7 120000 watt hours 

7120000 

Kilowatt hours- iQQQ ~~ “^^20 

Aim. 7120 kw. hrs. 

Electric Locomotives. General Characteristics. In general, the 
principles employed in the construction of electric locomotives are* 
not essentiallj' different from those used for ordinary electric cars. 
For steam railway electrification all locomotives (‘arry two or 
more double trucks, and the most common construction, consists 
of geared motors mqpiited on the truck frame with a suitable steel 
cab^(in place of the imssengcr car body), which is occupied by the 
various parts of the control apparatus. The motors are of neces- 
sity more powerful than are used on tn)lley cars, and the weight 
of the locomotive is greater in order to obtain pulling power with- 
out causing the wheels to slip. 

Steeple-Cab Construction, Tlie tj-pe of electric locomotive 
most successfully used for light railway work consists of two 
swivel trucks carrying a platform with a cab in the center and 
sloping housings over each end to protect the control apparatus. 
Fig. 5. Large numbers of these locomotives weighing from 30 to 
60 tons are in operation on light railways for hauling small 
freight trains and doing light switching. The steeple-cab type of 
construction has also been adopted for heavier units like the 
Baltimore and Ohio 90-ton locomotives, the Detroit River Tunnel 
120-ton locomotives, and the New York, New Haven and Hartford 
switchers weighing 80 tons each. The general features of this 
.ty^ of locomotive are shown in Fig. 6, which consists of a plan 
and elevation with the location of the apparatus indicated. 
The cab, being located in the center of the locomotive,, is con- 
veniently arranged for the driver, who sits in one of the seats 
lockted at the rightF^hand side of the cab. Ftom this seat the 
motoiman can reach the master controller, air-brake valves, main 
switch, and other apparatus necessary for operating the locomo- 
tive. He can also see the air gage and the electrical instruments. 
The air compressors are located in the center of the cab, and the 
air-brake reservoirs, resbtance grids, control contactors, reverser. 
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etc., are installed under the hood at each end. These portions, of 
the equipment perform the same duties as on ordinary trolley 
cars, where they are installed underneath the platform in order to 
secure space for passengers within the car. Where this space is 
not required for passengers, as in a locomotive, the equipment is 
much more easily inspected and is better protected when located 
in the cab. 

Other Types of Construction. For heavy main-line traffic it 
has beer, necessary to deviate from this type of construction to a 
certain extent, and in the larger types the square box cab is most 
frequently used. 

In a.c. types and in one case on d.c. locomotives (Pennsylvania 
Railroad) it has been necessary' to adopt a somewhat different 
method of drive. Fig. 7, because the motors are too large to be 
mounted on the axles. Most of these t^’pes of construction may 
be regarded as special for their particular service and are described 
under the various installations. 

TYPICAL INSTALLATIONS 

In order to obtain a general idea of the character of some of 
the most important steam railway electrifications now running, 
brief descriptions of some of these roads with especial reference to 
electric locomotives, substations, and overhead construction are 
given. 

NEW YORK CENTRAL RAILROAD 

• (600 Volta Direct Current.) 

General Data. The New York Central Railroad was electri- 
fied in 1906 from the Grand Central terminal north to Harmon on 
the main line, a distance of 34 miles, and to North White Plains 
on the Harlem division, a distance of 24 miles. All the traffic 
over this section is passenger service, and the equipment in.«talled 
includes high-speed passenger locomotives and multiple-unit cars 
for the suburban service. The 600-volt d.c. system is used with 
an under-running third rail for the low-voltage distribution. A 
train on the main line is shown in Fig. 1. 

Locomotives. The electric locomotives are all of the gearless 
type, capable of operating at speeds as high as 80 miles per hour. 
The first forty-seven locomotives were constructed with four 
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bipolar gearless motors located under the central part of the cab 
and a two-axle guiding truck under each end to ensure good track- 
ing qualities at high speeds. The arrangement of the motor 



armatures and field pieces is ^own in Fig. 8. The armature of 
the motor is rigidly mounted on the driving axle, and the field 
Structure forms a part of the spring-supported truck frame, ^e'* 
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Data on Principal Electric Locomotives 
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possibility of the armature coming in contact with the pole pieces 
is prevented by the use of a large air gap and flat pole pieces, 
Figs. 9 and 10. After the electrifleation was completed, additional 



0. Section of Locomotive Motor 


locomotives were necessary, and tweiity-six units were purchased, 
each equipped with eight bipolar gcarless motors with a some- 
what larger total horsepower. With this tyjx) of locomotive all 
the axles are driving axles, the front and rear trucks acting as 



Fig. 10. Find Section of New York Central Motoi 


guides although each carries tw'o driving motors, Fig. 11. Table 
IV gives data covering this and other t^qies of locomotives. The 
control equipment is of the multiple-unit t^qie and is similar to 
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Fig. 11. New York Cpntral Electric Ijoeomotiye 
Courteav of General Bleelrie Company, Sthmetlady, ffno York 



Fig. 12. Power Station on New York Central jRailroad 
Contrioey of General Sleetrio Company, Scheneelady, New Yarit 
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that used on heavy electric cars, but the contactors are constructed 
for much heavier service, since the rated current of the complete 
locomotive is nearly 4000 amperes. These locomotives have three 
running positions: (1) four motors in series; (2) two motors in 
series, two in parallel; (3) all motors in parallel. 

Substations. There are nine substations located approximately 
6 miles ap^, having a total of 44,500 kilowatts in synchronous 
converters changing the three-phase current to direct current. 

Power Stations. In o^er to ensure continuity of power sup- 
ply, two stations. Fig. 12, were constructed, each of 20,000 kilo- 
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Fit. 18. Interior of Powtf Station Shown in Fig* 18 
CourUty «/ (hnent EUetric Company, Schmaetady, Now York 

watts capacity and each capable of operating the entire road. 
Since the traffic has increased, it has been necessary to operate 
both stations during certain parts of the day, and recently a 
20,000-kilowatt unit. Fig. 13, has been installed in the Port 
Morris station in order to obtain the improved efficiencies shown 
by up-to-date turbine construction. 

Third-Rail Conductor. The 600-volt distribution is made 
through an inverted double-T type of rail, supported on cast-iron 
brackets insulated by means of porcelain insulators. This type 
of construction is described in ^'Electric Railways,” Part III, 
under “Third-Rail Construction.” 
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PENNSYLVANIA RAILROAD— PAOLl AND CHESTNUT HILL 

DIVISIONS 

(11000 Volts Singlo Phase) 

Increase of Terminal Capacity by Electrification. One of the 
most important eloetrificatioiis in rc‘(‘ent years is the suburban 
section of the Pennsylvania ILiilroad at Philadelpiiia. Under 
steam operation the capacity of the Philadelpiiia station was 
limiterl, and in order to increase the train service, it became nec- 
essary either to at^piire additional real estate and put down new 
tracks or to resort to electrification. Tlic traffic was, to a large 
extent, made up of suburban trains, and these have been replaced 
by multiple-unit eqaij^ments. In the case of a steam train the 

engine hauls the train into the 
station, and, after the passengers 
have alighted, must back the 
train out into the yard, run to 
the turntable, turn around, and 
back the train into the station 
again for the next trip. With the' 
iDultiple-unit train capable of 
oix'rating in either direction, the 
train is immediately ready for 
departure as soon as tlie ])assen- 
gers have alighted. The number 
of train movenvents at ,thc terminal is thus reduced to less than 
one-half thase required by steam operations, and the capacity of 
the available tracks is increased in somewhat the same proportion. 

General Data. The electric zone extends from Broad Street 
station to Paoli, a distance of 20 miles, with four tracks, and to 
Chestnut Hill, a distance of 12 miles, with two tracks. There are 

O 

sixteen station tracks, which are approached by six main-line and 
three yard tracks. The present suburban service includes about 
forty-three trains each way per day on the main line and a some- 
what smaller number on the Chestnut Hill division. 

Pbwer Supply. All power for the operation of electric trains 
is purchased from the Philadelphia Electric Company and delivered 
at one of the railway company’s substations, Fig. 14, by means of 



Fig li. Electric Substatiuri 
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underground cables transmitting at 13,200 volts, single phase. At 
this substation the voltage is raised to 44,000 volts and transmit- 
ted by duplicate single-phase circuits to the step-down stations. 
In order to compensate for the unbalancing of the single-phase 
load, phase-converter sets have been installed in the power com- 
pany’s station; these sets also correct for the relatively low power 
factor supplied by the railway load. 

Substations. Step-down transformers are located in the sub- 
stations, transforming to 11,000 volts for the overhead line con- 
struction. One-to-one-ratio transformers, shown in Fig. 15, are 



F!k> 15. Typiral Anchor and Sisnal nriclRp T^oented at End of Cunre, Philadelphia-Padli 
Electrification. Notu Track ItiKWlcr TniiiHfonncra Mounted at Both Sidca 
Courteau of "Ekrtnr Rati way Jmtmal' 

installed at interv'als of about J mile along the route to obviate 
the possibility of interference with telephone and telegraph lines, 
these units being similar in construction to those used by the 
Norfolk and Western Railway. 

Motor Cars. Standard steam-railway coaches, which were 
originally built with a view to the installation of elcctrieal equip- 
ment, are used on the Paoli division. All the cars are motor cars, 
each being equipped with two 225-hp. single-phase commutator 
motors, both mounted on the same truck. One of these motors is 
shown in Fig. 16. All the main portions of the electrical appara- 
tus are mounted on the same end of the car with the motors in 
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order to secure approximately 60 per cent of the total car weight 
on the driving axles. The equipment includes, besides the motor, 
an 11,000-volt pantograph trolley, an oil circuit-breaker, a main 

transformer, an automatic control 
equipment with two master con- 
trollers, a small motor-generator 
set for supplying control current, 
and accessories. One of the novel 
features of this equipment is the 
electric air-brake apparatus. With 
this tyjMj of brake the valves on 
the individual cars are operated 
by electromagnets instead of by 
the train piping, which ensures a 
more rapid braking effect. The motors arc geared to the axles 
through a flexible spring gear, which is designed to soften the 
vibrations due to the single-phase torque. 

Catenaiy Construction. The overhead construction, Fig. 17, 
consists of one B.& S. gage copper wire, called the auxiliary mes- 
senger, supported from a 1-inch 
seven-strand steel cable, which is 
ill turn suspended from cross- 
messengers located at intervals of 
approximately 300 fec^t. Below 
the auxiliary messenger is a No. 
000 grooved “phono-electric” 
wire, from which the pantograph 

HH7. OT.riH»ic«».ry<u™irurti« troBcy takcs the current. This 
fur Suburban unei coutact wire is dipped to the 

auxiliary messenger at points midway between the main hangers. 
The signal bridges. Fig. 1«5, which are located at distances approxi- 
mately 1 mile apart, are also utilized in place of a cross-catenary 
to support the trolley wires. 

NEW YORKt NEW HAVEN AND HARTFORD RAILROAD 

(11000 Volts Single Phase) 

General Data. The New York, New Haven and Hartford 
Railroad enters the Grand Central terminal, which it uses jointly 




Fig. 16. 22i>-H P. 8ingI<^-PhaM>, Air-BLut 
' Cooler], Doulile-Fced Alotur 
CourfMg of We$tinahowie Eltrtrie A- Itanu- 
faeiunnff CompoMy, F.aal Pitlabw jh, 
Peunaj^Tonia 
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with the New York Central Railroad. In order to comply with 
the state legislation requiring electrification, both these roads were 
forced to withdraw steam engines from the terminal. Operation 
was started by the New Haven Railroad in 1907, running from 
Forty-Second Street to Stamford, Connecticut. The system used 
is 11,000 volts, single phase, 25 cycles, with overhead catenary 
construction. From Woodlawn to the Grand Central terminal the 
New Haven Railroad operate over the 600-volt d.c. lines of the 
New York Central system, so that locomotives and car equip- 
ments must be capable of running on either direct current or 
alternating current, single phase. The New Haven electrification 
was later extended to New Haven> Connecticut, and most of the 



Fig. 18 . View of HoOow Armature Shaft and Fin Plate 


trains between New York and New Haven are now electrically 
propelled. 

Locomotives. The initial equipment of the New Haven 
Railroad consisted of forty-one 110-ton electric locomotives, each 
equipped with four gcarless motors connected to the driving 
wheels by means of pins carried on each end of the armature, 
Fig. 18. The use of the single-phase a.c. motor on electric rail- 
ways is discussed in “Electric Rmlways,** Part I. The electrical 
connections are similar to those employed in the d.c. series 
motor, but instead of using resbtance to limit the current flow, 
the impressed voltage is reduced by means of taps on the auto- 
transformer cairi^ by the locomotive. The field frame of the 
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motor is spring supported from a frame which rests on journal 
boxes. The armature shaft is a hollow quill which surrounds the 
axle without coming into contact with it. On this quill are the 
motor bearings, which preserve correct relation between armature 
and field. On each end of this quill is a plate, Fig. 18, from 
which project seven round pins which fit very loosely into cor- 
responding sockets on the inside of each wheel hub, Fig. 19. 
Between the pins and the sides of the sockets are eccentric coiled 
springs, which give a flexible bearing. 



Fife. 19. Motor Mounted on Axle 

Freight Locomotives. For freight service the New Haven 
Railroad purchased thirty-four 120-ton locomotives in 1911. 
These locomotives were equipped with twin motors, shown by the 
dotted lines in Fig. 20, on each of tlie four driving axles, and also 
employed quill drive in order to obtain flexibility. In 1912 
fifteen switching locomotives, Fig. 21, were installed, each weigh- 
ing 80 tons. Four geared motors are used, each mounted directly 
above the driving axle and connected through a quill and gears. 
Table IV gives the principal data on these locomotives, while the 
trend of design is indicated by the proposed 180-ton locomotive 
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Fig. 22. Standard Electric Switching I.ocomotive Uaed on New York, New Haven and Hartfcnd Railroad 
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Power Station. A steam power plant, having a capacity of 
35,000 kilowatts in eight single-phase steam-turbinoKlriven units, 
was built at Coscob, near Stamford, Connecticut, and supplies 
current at 22,000 volts to the overhead construction. Additional 
power is also purchased .from a New York City plant and fed to 
the system near New York City. There are no substations in 
the ordinary meaning of the term, but autotransfonners are 
installed at distances ranging from 3 to 10 miles apart, by means 
of which the 22,000-volt current is stepped down to 11,000 volts 
for the locomotives. These autotransformer stations, Fig. 24, also 



Fig. 21. TvpiRsl Line Auto*Trsnafonner IneUllation on 
New York, New Hevtm and Hartford Railway 
Electrification 

serve to reduce disturbances due to inductive interference with 
neighboring communication lines. About twenty of these stations 
are used. 

•Overhead Line Construction. The overhead construetbn on 
this system is of the catenary type, supported on structural-steel 
bridges located at a distance of 300 fret apart. A *large part of 
the overhead construction is of the double-catenary type,'* having 
a supplementary contact wire of special wearing qualities. 

CHICAGO, MILWAUKEE AND ST. PAUL RAILWAY 

(8000 VoltB Direct Current) 

General Data. By far the most extensive mam-line electrifi- 
cation in the world was installed by the Chicago, Milwaukee and 
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St. Paul Railway in 1915 and 1916 between Harlowton, Mon- 
tana« and Avery, Idaho, a distance of 440 miles across the three 



wnft.m ranges of the Rocky Mountains, the route being shown in 
Fig. 25. Practically the entire line is single track, with the excep- 
tion of yards and sidings. The system used b 3000 volts, direct' 
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current, on the trolley with supplementary feeders, positive and 
negative. 



Fjg. 20. Triitu uf KiKlity-Twu Freight Ciun m Mlvur How Cnnyon 
Courtuy oj General Electric Company, Eehenecbid//, New York 

Locomotives. The main-line electric locomotives, Fig. 26, are 
constructed in two units permanently coupled together, the halves 
being duplicates and each capable of independent operation. 
There are thirty freight locomotives, weighing 282 tons each, and 
twelve passenger ’units, which are similar in construction, with 



Hg. 27. Dctoilo of Main Loeomotivs Truck, Showing Spring Gear and Spring Noee Suepenoion 
CewUeife/ General Electrie Companif, Sdmedade, New York 


the exception of a change in gear ratio between the motors and 
the driving axles and the additbn of oil-fired steam boilers for 


464 





Fis. 20. IWO- to SUOO-Volt Motor 
CofnHuy «i Oentral RUetrio Company, Sekonodady, Now York 


465 


S4 STEAM RAILWAY ELECTRIFICATION 

heating the passenger coaches. This additional equipment hiings 
the weight of the passenger units up to 300 tons. 

Motors. Each locomotive is equipped with eight 430-hp. 
commutating-pole railway motors, driving through twin gears 
from pinions on either end of the motor. The details of the 
construction are shown in Fig. 27. The locomotive has eight 
driving axles, and for guiding purposes a bogie truck is used at 
one end of each half-unit. A flexible connection is obtained 





between the motor and the driving axle by a spring gear, Fig. 28, 
and also by the use of a spring-nose suspension, both of which 
features tend to minimize the effect of shocks and also to reduce 
the wear on the gears and pinions. The motors. Fig. 29, are 
similar in construction to the street-railway motor, having longi- 
tudinal ducts through the armature core, through which ventilat- 
ing air is forced from a blower in the cab. 

Regenerate Braking. A novel feature of these locomotives 
is the ability to regenerate on the down grades, holding back the 
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train without the use of air brakes. Tliis is accomplished by 
changing the connections of the motors so that the energy of the 
descending train due to gravity is utilized to generate electricity 
and send it back through the trolley wire to the substation. Two 
objects are thus accomplished: first, the train is restricted to a 
safe speed down the hill; and second, electric powder is returned 
for use by other trains. The principal connections for regenerative 
braking arc shown in Fig. .30. 

Speed. The freight locomotives arc capable of handling the 
rated load of 1250 tons euc'h up the niuxiinum 2 per cent grade at 



Fis; 3S. Sliding roiitograph Trollry 


about 15 miles per hour Tlie passenger locomotives are geared 
for running 00 miles per hour on level track and will attain this 
speed w^hen hauling a train of 800 tons. 

Control. The control is the Sprague-General Electric T>;pe M, 
with the main control switches mounted in steel compartments 
inside the locomotive cab. As these switches carry the main 
3000-volt ‘ current, they are located so as to make accidental con- 
tact by operators impossible. 

Motor-deneraior Set. In each half of the locomotive a motor- 
generator set is installed, which furnishes low-voltage current for 
the control circuits, headlights, cab lighting, and, on the passenger 
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locomotives, for charging storage batteries on the coaches. A 
blower for ventilating the traction motors is also direct coniiecteil 
to one end of tliis set. The general arrangement of the apparatus 
on one of these half-units is shown in Figs. 31 and 32. 

Pantograph Collector, Current is taken from the overheat] 
trolley by means of sliding pantograph collectors, one of which is 
mounted on each half of the locomotive. These collectors, 
Fig. 33, are of the double-pan type, operating through a range of 
from 17 to 25 feet above the rail. The contact elements are 



Fig. 34. Chicago, Milwaukee and St. Phul Railway Electrfo Locomotive 
Courteny of General Electric Company, Scheneclady, New York 


somewhat novel, lading of the same metal as the trolley wire, so 
that the current passes from copper to copper. 

Use of Compressed Air. The air-brake equipment is practi- 
cally tlie same as that used on steam locomotives, except that 
motor-driven air compressors are used to fumisli the compressed 
air. Compressed air is also used for operating whistles, bell 
ringers, senders, flange oilers, pantograph trolleys, and part of 
the control equipment. 

Switching Locomotives, Two switching locomotives. Fig. 34, 
are also used on this electrifleation, weighing 70 tons each, and 
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with all the weight on the driving axles. These units are of the 
swivel-truck type, equipped with four geared motors designed for 



1500-volt operation with an insulation of 3000 volts to allow for 
qierating two in series in the same manner as the main-line 
locomotives. 
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Substations. Electric power generated in hydroelectric sta^ 
tions is purchased from the Montana Power Company at several 
points along the line and transmitted along the road over a 
lOOfOOQ-vblt, three-phase, 60-c}'cle transmission line carried on 
wooden poles. There are fourteen substations, each equipped 
with synchronous motor-generator sets of the three-unit type 
supplying 3000 volts from two d.c. generators connected in series. 



FJc. 38. Overhead C'unatruetion on Tangeot IVadc 
CouFfeay «/ Otntral EUetrir Company^ Schmuctady, Ntv York 


One of the substation switchboards is shown in Fig. 35. The 
principal connections between the power lines are shown in Fig. 25. 

RegenerdHte Braking, In connection with the regenerative 
braking feature on this system the motor-generator sets in these 
substations are so constructed that the d.c. units will function as 
motors when supplied with power and operate the synchronous 
motor as a generator, sending three-phase current at 2300 volts to 
the step-up transformers and thence back over the three-phase 
transmission line. This method 'of operation takes place when 
there are no other locomotives near the section fed by the sub- 
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station to use the 3000-volt current direct. It frequently hap- 
pens, however, that a train going down one side of the mountain 
pumps back current to another train coming up the other side, so 
that very little power is taken from the substation. 

Overhead Line Construction. The 3000-volt direct current 
supply is fed to the locomotives through a so-called twin-catenary 
trolley, supported from wooden poles by means of bracket con- 
strurtion on single-track sections. Fig. 36, and span wires on 
double track and in switching yards. The trolley wires are of 
No. 0(XK) topper, suspended side by side from the same steel 
messenger wire by indeiiendent loop hangers, alternately connected 
to each wire. Currents as liigh as 2000 amperes can be collected 
by a single locomotive without perceptible sparking at the contact, 
lx)th in high-spci'd passenger scr\’icc and with heavy freight trains. 
Where two locomotives are used for a single train, this corresponds 
to 12,000 kilowatts, which is beyond tlie requirements of any 
train-haulage problem to be considered. 

NORFOLK AND WESTERN RAILWAY 

(11000 Volts Alternating Current) 

General Data. The electric zone of the Norfolk and Western 
Railway, extending from Bliiefield to Vivian, West Virginia, 
represents one of the heaviest electrifications now in operation. 



Fig. 37. Eleetria Locomotive, CompiUng Two Unite or Hilvm, Hauling Heavy Coal Train on 
Eckhoni GradiTNorfolk and Wectem Railway 
Cmaiun of “EaQway Jforjrw*' 
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The road is double tracked on both 
sides of the Elkhorn tunnel at the 
summit of the mountain range, but 
only a single track is laid through 
the tunnel. This road is a coal- 
hauling line, and the traffic is very 
heavy. Trains of 3250 tons are 
hauled up the maximum grade, using 
two locomotives, one acting as a 
pusher on the 2 per cent grade. The 
system used is 11,000 volts, single 
phase, 25 cycles, w'hich is trans- 
formed to three phase for use with 
the locomotive motors. 

Locomotives. The electric loc*o- 
motives. Figs. 37 and 38, arc of the 
two-unit tyi)e, permanently coupled 
together and having a total w'cight 
of 270 tons. Two hundred and 
twenty tons of this weight is on 
the driving axles, and the remainder 
is on the guiding trueks. Each unit 
has two main trucks, equipped mth 
two driving axles included in a rigid 
wheel base with a radial two-wheel 
guiding truck. 

Motors, Mounted on each of 
the main trucks are two three-phase 
induction motors witli wound sec- 
ondaries for two-speed operation. 
These two motors mesh into a sin- 
gle gelir carried on a jack shaft, 
from which power is transmitted to 
the two driving axles by means of 
side rods. The operating speed with 
all motors connected in parallel is 
14 miles per hour with the slow- 
speed motor combination and 28 
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Man with Airangemnit Shown Diagrammatically. Electric Locomotive of Norfolk and Western Railway 
Courtesfj oj ’'Railway Renew” 
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miles per hour with the rearrangement of the number of ^ poles 
on the motor. 

Single-phase current is taken into the motor through a panto- 
graph and delivered to step-down transformers and passes at the 
low pressure to a phase converter, which operates continuously 
when the locomotive is in service. This machine converts the 
single-phase current into three-phase current by means of a two- 
phase to three-phase connection. Attached to the extended shaft of 
this converter is a blower for cooling the motors, transformers, and 
other parts and also a compressor, which is operated by means of 



Fig. 30. EiteriOT^ Maybursr Substation, Norfolk and WcBtern Kailway, • 
* Showing TyiMcol Detiign 
Courtrtyvf " RaUway Renew'' 


a clutch actuated by tlic air pressure. The speed of the locomo- 
tive is regulated by inserting resistance in tlie secondaries of the 
induction motors by means of liquid rheostats, one being supplied 
for each motor. The resistance of these rheostats is gradually cut 
out as the locomotive speeds up, and when the operating speed is 
reached, 'the rheostat tanks are short-circuited. 

Regeneratite Braking. These locomotives, being of the induction- 
motor type, will regenerate automaticaUy on down grade when the 
speed of the tram rises slightly ab&ve the synchronous speed of 
the motors. Regenerative bnddng, however, is limited to this 
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particular speed in these units, either 14 miles per hour with the 
eight-pole arrangement, or 28 miles per hour with the four-pole 
arrangement. 

Substations. There are five substations, similar to tliat 
illustrated in Fig. 39, spaced approximately 6 miles apart, in 
which single-phase current is receive<l at 44,000 volts and stepped 
down to 11,000 volts for the trolley feeders. Since these stations 
contain no rotating apparatus, they can be operated without 
attendance other than occasional inspection. 

Power Station. Power is derived from a steam power station. 
Fig. 40, located at Ilhiestoiie, wlii(‘h is about 11 miles from Blue- 



FSg. 40 Turbine Itooni of Power Stntuin, Norfolk nnil Wmtera Riiilwny. Showing Main 
Generating Unit; Oporating CSallvry tin Ix>rf>1 «ifli C'rniin Track; Low-Tcnaion 
Switching Room nn Main Fltmr I^'vcl 
Courtesy of " RaUvay UtTiew" 


field. This location was selected on account of the facilities 
for obtaining^ water for boiler feed and for condensing purposes. 
The electric generating equipment consists of three 10,000- 
kilowatt horizontal units, operating at 11,000 volts and feeding 
the several substations through step-up transformers at 44,000- 
volt transmission. An interesting feature of this station is the 
provision for absorbing regenerated power when a train is sending 
current back to the station during regeneration. For this purpose 
water rheostats are provided, which are automatically connected 
across the generator bus when the regenerated power reaches a 
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certain value. Thb arrangement protects the generators from 
operating as motors and causing injury to the steam turbines. 

Overhead Construction. The catenary system, Fig. 41, con- 
sists of a No. 000 grooved contact wire, supported at a uniform 
height of 24 feet above the top of the rails. The messenger is a 
4-inch galvaiiizcd-stecl stranded cable, supported from stwd sup- 
porting structures located 300 feet apart. Just above the No. 000 
grooved contact wire is a No. 0 auxiliary steel messenger wire, 
from which the contact wire is supported by clii>s spaced about 
15 feet apart, but so located that they are equally distant from 
the main hangers. 

Telephone and Telegraph Interference. In order to protect 
neighboring communication circuits from the cilcets of single- 



Fig. 41. Typical Tubutv Steel Pole Structure for 
Muin Line, Norfolk and Western Kiulwoy 
Elcctrirication 

CnurUtty nf "Railway Rivteio" ^ 

I 

phase interference, traiisfonners having a ratio of 1 to 1 are 
installed at points approximately 1 mile apart over the entire 
line. The primary of these transformers is connected into the 
trolley circuit, and tlie secondary to the rail circuit, thus prevent- 
ing ground current from leaving the running raib. This method 
of protection seems to be quite effective, and little trouble is 
experienced with single-phase interference. 
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BUTTE, ANACONDA AND PACIFIC RAILWAY 

(2400 Volts Direct Current) 

General Data* The ButtCf Anaconda and Pacific Railway is 
an ore-hauling road operating between Butte and Anaconda, 
Montana, a distance of about 30 miles. Several passenger trains, 
similar to the one shown in Fig. 42, arc run daily between the two 
cities; and ore trains, Fig. 43, weighing as much as 5000 tons, are 
hauled from the mines at Butte to the smelters at Anaconda. 
The annual haulage of ore reaches several million tons. 



Fill 12 SO-Tnn, 24ill>-Vu1l Locun • nii niitlr, Aiiiu'unila anil Paofio Railway 
Courtfgy of Gctural I.Uctr, Hpatiy, bclu nu taily, .Yfir York 

Electric locomotives weni first put in service in 1913 and all 
steam engines were replaced in November of that year. The 
prime /cason for electrification was economy; operating results 
show a saving equal to more than 20 i)(t ctmt on the investment 
required. 

Electric Locomotives. The initial equipment included fifteen 
freight and two passenger locomotives Avcighing 80 tons each and 
differing only in the gear ratio of the motors. Additional locomo- 
tives have since been purchased, making a total of twenty-eight 
units now in scr\'ice. These locomotives are of the articulated 
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ilouble-tnick type with all the weight on the drivers, the weight 
being carried on semielliptic springs suitably equalized. 

Arrangement of Apparatus. In each end of the cab is an 
engineer’s compartment containing ('ontrol apparatus. The cab 
is of the box tj-TJe, extends the entire length of the locomotive, and 
is provided with both end and side doors. 



Kijc -li 2I(K>-Vnli r.il nil ctiii> C'oiitnrtiir 


The central chiinncl.'i fonning a pHi*t of the underframe are 
enclosed and are iitiliz<*(l as distributing air ducts for the forced 
ventilation of the motors. The air i> conducted through the center 
pins, which are hollow, into the truck transoms and thence to the 
motors. The engineer’s compurtnient at each end of the cab 
contains the operator’s seat, controller, air-brake valves, bell and 
whistle ropes, ammeter, air gages, sanders, and other control 
apparatus within immediate reach of the engineer. 

The contactors, Fig. 44, reverser, and rheostats, which are 
located in the central portion of the cab, are mounted in two 
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banks running lengthwise of the compartment and are conveniently 
arranged for cleaning, inspection, and repair. All apparatus and 
circuits carrying 2400 volts are thoroughly protected from acci- 
dental contact. 

Motors. The motors are of the GE-229-A commutating-pole 
type, wound for 1200 and insulated for 2400 volts. The method 
of ventilation is similar to that of the ventilated motor previously 
described, but the air is circulated by a blower mounted on the 
end of the dynamotor shaft. Tlic motors have a pinion on each 
end which meslies in a spring gear, Figs. 28 and 45, on each side 
of the axle. 

8 *> 

I''iR Spring ({par nbi.iNH>iiibUHl 
CaurUau of (JenenU Klu'trir Votnpany, ,Si nictaJi/t iVr)i< i ork 

Control. The control is the Sprague-General Electric Tjiie M, 
multiple unit, operating the four motors in series and in series- 
parallel.. Two 1200-volt motors are permanently connected in 
series. The controller provides ten steps in series and nine in 
series^parallel. The transition between series and series-parallel 
is effected without opening the motor circuit, and there is no 
appreciable reduction in tractive effort during the change. The 
transfer of circuits at tliis point is made by a special change-over 
switch, which is operated electropneumatically. 

Pantograph. Current is collected by overhead roller panto- 
graphs, Fig. 46, pneumatically operated and controlled from either 
engineer's compartment by an air valve. 



480 


STEAM RAILWAY ELECTRIFICATION 


49 


Dymmotor, For operating the control equipment and the air 
'^pressor and for lighting the locomotive and cars 600-volt cur^ 





Fik- 40. P:ui(fii;nip)i iii OiMViilii itii 'I'lnHi-y Wire 
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ture coils wound on the same core and brought out to a commu- 
tator at each end. One of these windings is designed for 1800 
volts and the other for GOO volts, the two commutators being con- 
nected in scries across the 2'400-volt circuit. The load current is 
taken from the (iOO-volt coiuinutsitor. (Characteristic curves for 
this type of freight lf)comotive are shown in Fig. 47. 

Electric Hot-Air System. All the passenger ami baggage cars 
now used Ix'tw'cen Rutte and Anaconda arc heated as well as 
lightinl by <*lcctricit.v. Each car is heatisl from a single heating 
unit instanc'd underneath the car floor and supplied from a 21(M)- 
volt bus connected direcitly lo tlie 2l0()-volt bus t»n the locomotive. 
Tliis unit luus a tnaxiinum capacity of 25 kilowatts and is used to 
heat the air, which is <listribufc<l to clilfcrcnt parts of tlie car by 
means of a small inotorHlriven blower. 

Substations. Power is jmn'luisr'd from the Montana Power 
( oiupany, ami seven three-unit motor-generator st'ts of 1000 kilo- 
watts rapacity each arc iii^f ailed in two sub>tat ions owned by the 
pow’or company. Thrce-pliase GO-cycIe powt'r is rtwivinl at ](K),000 
volts, stci)pod dow'n to 2500 volts, and transformed to 2400 volts, 
clinH't current. 

Overhead Construction. The overhead line is an eleven-point 
catenary supporting a No. 00(X) trolley wire by menus of loop 
hangers, wdiich allow' a vertical motion of the contact wire w'ithout 
lifting the incssenger. The line is designed for the use of roller 
pantograph collectors such as show’ii in Fig. 40. 

Other Important Electrifications. 'I hc foregoing descriptions 
will serve to bring out the main features of both a.c. and d.c. 
elcetrifieation. There are, however, several other important steam 
railway electrifications whicli arc worthy of mention, conceniiiig 
which the princi|);d features arc outliiuMl in I'uhlcs I and IV. It 
will l)e of interest to the student to make a comparison of the 
various data in these tables. 
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%.C.t Abbrovsnlion fi*r iilU'i-jiatitit; 
current. 

abnrlHNns .\ illstniu'o ino.isurfd hori- 
xonially to the riKht and loft of a 
voriical line. 

■bHolute unltNi A unit of nie:iHure> 
rnent ■wlil*‘h hau lu'cn detoi inlnod 
from oorl.Uii pliysnul ifniportios 
and upon whlcli all other tinilii aro 
husod. 

iicciiniulafor: A storaire buttery. 
iiHd pniof painf I A paliil nmilo oh|m- 
olally to rosiat tlit* attmii ul .'lobl. 
aiHiilttancr: A unit u.si-d In .iltfriiat> 
liiK euirenl clreiiltf*, w hl< li In the 
oiipiiMite to linpodunco. measured 
in ohms. 

arrlnli ^V^roa snpportoil abovo 
Ktoniid .iiid used lor ll•oolvlnK or 
K( ndiiif? elootrlo.il n.i\os 
■iltniier mirei .\n uMov of copper 
and rioKol used lor ubM’trlc heat- 
in»; unitH 

nir lilHMt IrnuMformert A li.in«formor 
moled bv Iouiiih: a eii t. iilullon of 
air around Its wiiidinKM. 
nIr KHpi Air apace lielwcen muR* 
ii< tie poles. Space betAvecn fittitlon- 
ary ana roi.nlnR pai ts of an elec- 
iric motor and Rciierutor. 
nlKcbrnlc: Taking Into account the 
siRn use<l In algebra. 
nlt«e: t’arryltiR a voltage or cur> 
rent. 

olhnllnr bnltcryi A etOriiKc b.ittcry 
using an alk.all Instead of acid loi 
eleetrolytu l-'dison Culls. 
all-da>-»lllc>lrBpyi The total output 
divided by the total Input of en- 
ergy fur the^entlre day. 
all»>i A metal composed of two or 
more 'liffurent metals, 
alpbaduvfi A flexible non-metal con- 
duit. 

alteraatiag carrrnt: An electric cur- 
rent that reverses its direction of 
flow at regular Intervals, 
alteraaflaai One vibration Instead 
of a cycle. Qnc'half a cycle of 
alternating current, 
alteraatori An electric generator 
producing alternating current. 


alumlaiimi A white metal, light In 
u eight but having a higher elec- 
trical rosistaiico than copper, 
alnnilnnm rrll arreslcri A lightning 
.irii-siiT using a scilcs of aluini- 
niiin plates and an electrolyte 
which fio-triH a thin Insulating film 
on tile plates at normal voltage, 
but bi coming a conductor when a 
high voltage, like lightning, oc- 
curs. As soon OH the high voltage 
Is r«.duc(>d to liormal, the Insulat- 
ing film Is rortticd lignin, 
aliiniliiiiin rectiflert A Jar contain- 
ing iiliimlnum *plutcH and Iron or 
Icaii jilules Immersed in a solution 
of aininunluin plio.-'pliiili’i and which 
%viil .illiiw' cuMi-iit to flow', though 
only in one direction, from the Iron 
or lead pl.itus to the aluminum 
plutu. 

ainalKiiiii: An alloy of mercury or 
quicksilver with other metals, 
aniberi A \ellowlsh resinous aub- 
stancu tliul can be used to pro- 
diiM- static eleetrli'lty by friction. 
Aim'ricnii t'llrc KaiiRei Thu gauge Is 
ii.*'i d for duKigniiting the slsos of 
,«nrni coprii.r wires used In United 
gtatcH. rorniuily culled Drown 
anil Hhiirpc (JJc.sl gauge), 
animetrri The pi’actleal unit that 
Indic.itcH tlic ralo of flow of elec- 
tricity Ihrougli li clicult. 
aniineler shunt i A special low rs- 
NistiLiii’c cortilui lor connected to 
the tocmlnals of an aninictcr so as 
to cany nearly all the current, 
aliow'ing only a very small current 
to How through tho Instrument 
itself. 

aiiiperet The prucLieal unit that In- 
dicates tliu I ate of flow of electric- 
ity tlirough a circuit, 
amperr-bwurt Thu quantity of olec- 
trlcliv (jcllverod by a current of 
or,u afiipi-ro flowing for one hour. 
CsLd In rating storage batteries, 
ampere-hour meteri An Instrument 
that registers or records the num- 
ber nf ampere-hours of electrical 
energy that have passed througn 
a circuit. 

•mpcre-tarai Tho amount of magnet- 
ism or magnetlxlng force pro- 
duced by a current of one ampere 
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flowing around a coll of one turn. 
The product of the current flowing 
through a coll by the numVicr of 
turna or loops of wire on the coll, 
ampllfleri A device by which weak 
currents or sounds acting on an- 
other circuit are Increased In 
strength. 

anehori A metal placed In the 
ground and to which a guy wire 
from a polo Is attiichcd. 
angle of dipi The number of degrees 
that one end of a magnet dips or 
puliits dowiiward. 

angle of log and lead: The distance 
expressed n degrees (hut an alter- 
nating current lugs or leads the 
vultagf! wave. The loslnc of this 
angle Is cnlleil the power factor. 
nnlt»ni The Ion vrhich moves toward 
the anode In an electrolytic cell, 
anneal: To surtcii by heating arii. al- 
lowing to cool slowly, 
nniiiinvlnlori An electric signal 
eqiiliiiucut having a number of 
push buttons located at dlflercnt 
pliiivs which are wired to an elee- 
tMiiiiagiiel In the niiiiunolatur hux. 
1'rc.ss any push bull on and It 
r.uisea a signal to bo displayed 
showing what button was oper- 
ated. 

nnniinelator wire: A soft copper 
w'liv Hull has two layers of cotton 
threads wound on It in opposite 
direct ion and covered with par- 
afllii wax. 

anode I The terminal or electrode 
through which current flows Into 
the electrolyte. 

anlpiinn: Wires arranged to receive 
or send out electromagnetic 
tiiadio) waves into the air. 
anti I .\ prefix, meaning upiio'^ltc, 
agiiiiisl, opposed to, elc., to the 
wuid that follows it. 
apparent K.M.F.I Thu apparent volt- 
age as measured by tliu drop In 
prcMsura duo to current flowing 
through the resistance, 
apparent ellleleneyi In alternating 
current apparatus It Is the ratio of 
net power output to volt-ampcrcs 
Input. 

apparent wnttai The product of 
volts limes amperes In an alter- 
nating current circuit, 
are: The flow of electric current 
across a gap in a circuit which 
causes a light or glow. 


mre farnaeei An electric furnace In 
which beat is produced by an arc 
between two electrodes, 
are lamp: A lamp producing light 
from an arc. 

arc lamp carbon: A carbon rod be- 
tw'een which the arc la produced In 
an arc lamp. 

arc light genemtor: A generator 
producing a constant current for 
an arc light circuit. Nearly obso- 
lete. 

arc welding: Joining two pieces of 
metal together by use of an elec- 
tric arc. 

argon: An odorless, colorless, inert 
gas taken from the air. Used In 
some types of incandescent light 
bulbs. 

armature: The rotating part of a 
direct current motor or generator. 
The part of the generator that de- 
livers ele(‘trlcal energy or the part 
of the motor that receives elec- 
trical energy from the clrriilt. 
Also a piece of Iron or steel Join- 
ing thu poles of an electromagnet 
annntnre air gnpt The air space be- 
tw’ecn the stationary and rotating 
parts of a motor or generator 
w'heio the magnetic lines of force 
pass irom one to the other, 
nrmnlure bdek ampere tnmn: The 
magnetic field produced by current 
flowing In the armature winding 
that opposes and reduces the num- 
her of magnetic lines of force pro- 
duced by tho field magnets of a 
motor or gcner.«Mr, 
nrnintnrc band: A group of wires 
W'ound closely together, or a metal 
band placed on the colls of the 
armature to hold them In place, 
armature ban Copper bars used In 
place of wire winding tho arma- 
ture« of large generators and mo- 
tors. 

nrmnture bore: The apace between 
opposite pole pieces In which the 
armature revolves, 
armatore drcniCi The path that the 
current takes in flowing through 
tlie windings from one brush to 
another. 

armature eolli The loop or coll of 
copper wire placed on the arma- 
ture core and which forma part of 
the winding. 
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anto-trauefanaer 


armature corei The laminated Iron 
part of the armature, formed from 
thin eheets or disks of steel, and 
on vhleh the windings are placed, 
armature curreutt The current flow- 
ing from the armature of a gen- 
erator or to the armature of a mo- 
tor. It does not Include the cur- 
rent taken by the shunt fleld colls, 
armature disks t Thin sheets of Iron 
or steel used in building up the 
armature core. 

armature demaguetlsatlout The re- 
duction in the effective magnetic 
lines of force produced by the ar- 
mature current. 

armature reaptioni The effect that 
the magnetism produced by the 
current flowing In the armature 
lias on the magnetism hnagnetlc 
lines of force) produced by the 
field colls. 

armature rpsistaneet The resistance 
of the slip rings on coniniulator 
and windings of the ai mature 
measured between rings or 
hrushcM. 

armature aloti The groove or slot 
in the armature core Into which 
the colls or windings are placed, 
armature standt A device for sup- 
porting or holding an ai mature 
by the shaft when It is being 
wound or worked on. , 
armature tester! Any device or in- 
strument used for locating faults 
or defects In the armature wind- 
ing. 

armature tooth i The metal between 
the slots In an armature core, 
armature vumlslii A liquid put on 
the fleld and armature winding:, 
to Improve the insulation of tliu 
cotton coverings on the wires, 
arumture wlndlnai All of the copper 
wire placed on the armature and 
through which current flows 
when the mdchlne la operating, 
armorpif e a b 1 ci Rubber - covered 
wires that have been covered with 
an Iron, steel, or other flexible 
metallic covering. Often called 
BX. 

artlfleial magaeti A manufactured 
permanent magnet, as distin- 
guished from natural magnets, 
asbestos I A mineral fiber formed 
from a certain rock. It Is a poor 
conductor of heat and can wlth- 


Btand high temperatures. Used 
to Insulate wires exposed to a 
high temperature. 

astatic system! An arrangement of 
two parallel magnets with the 
north end of one pointing the 
same way as the south end of the 
otlirr, so that the two together 
make a very poor compass needle, 
astatic gal« anometpr! A g.'ilvanum- 
etcr In which the moving parts 
are arranged in an astatic system 
or manner. 

astatic mptpr! .V motor In w'hich 
the moving part of clemi'iit Is ar- 
ranged in an astatic svstfin. 
asynrhronouN! Not having the same 
frequency, not synchronous; not 
in step or phase. 

asMichronouH generator! An Induc- 
tion generator.* 

aonrhruiinus motor! An Induction 
motor. A nirttor wliusi* spiM'd Is 
not Kyncliroriuiis \\ltli tho fre- 
quency of the .siiiqdy line. 
atmoMpherp: 'J’lic iiir siirroiiiiding 
tho earth. A preMMure of 1 atrrios- 
plici’e Is 14.7 p«iuiids to tliu sqiiare 
Inch. 

alniospJiprc elpctrlclt>! Static elec- 
tricity produced In tliu sky or be- 
tween clouds. 

atom! The HirinllcHt pailldo or unit ' 
of nuittcr that can be cliemlcully 
unitid. 

alomie « right: Thu W'elght of one 
atom of a eheinleal cil■rrl<•nt as 
compared to llio weigh I of an 
ntuiii of livdnigi n. 
atonic Inlcrriiptrri .\ sperjal Intcr- 
rujitci that r.an be to 

operate at a laigu number of dif- 
urciil iiiqiicM'ics. 
atinrhmrnt plugs! A plug that Is 
screwed into ii, lamp sueket, con- 
necting thu tw'o wires from an 
electrical appliance to the ciicult. 
attpnntntloni The weakening of an 
alternating current th.it 
iilung a line that lius resistance 
and cauacity or leakiige. 

Aurora llorralls: A light or glow 
Hoiiictiines sf'cn In tho northern 
sky on cert '.in nights, 
auto eallt A device that sounds a 
certain code of signals In various 
places: In a building or factory, 
auto-tranaformeri A transformer In 
which one winding or coil serves 
both for the primary and the sec- 
ondary circuit. 
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automatici A devire that la operated 
by certain chanKra or condlttona 
In an electric circuit and which la 
not controlled by any peraon. 
automatic telrphoaei A telephone 
ayatem where the connection from 
one party to another la made by 
meana of automatic awitches, 
without the aid of an operator 
aotoraatlc time awitrhi A awitch 
operated ai eertaln tliiiea by 
menna of a clock. 

automotlvei Helf piopelleil vehlele.s, 
Riich aa automolilli'a, trucka. truc- 
tora and inotoreylca. 
automobile batteryi The HtoruKe 
battery u ed In an electric ve- 
lilelf. The atoruKu Itattery ua»*d 
for atartlnK and llKlitIne a ku.so- 
linn Nuloinobllo. 

aiitouioblle riiaei A Hiniill fuse iiaed 
to protect Itiu Kuncralor and Iii;hU 
InK C'Irculla on an niitumoldli 
■iialllaryi Extra, or .MonieLiilnKT 
added to the main one 
oualllary bnai A Hecotid bua that 
may have u different voltage fiom 
the main bun and to uhich a few 
muohlnea are eonnectc<( 
auxiliary (•Irculti Aiioilicr elrc>nit 
besldea tli«i main clnnlt, oTteri a 
control circuit. 

aualllary nwlleht A awitch operated 
or controlled bv Ihc udion of nii> 
other circuit. 

B 

bi A nymbol uaed for ••nuHceptani'c" 
111 an uItornatlnf( current circuit. 
Ill A ayinbol for magnet ie fln\ den- 
sity. 

Il.n.t Abbreviation lor Itcat Tlcst 
Iron tolephonc wire. 

Il-halteryi The radio ballerv that 
keepa the plate of an electron 
tube poaltlve in i elation to the 
flianii-nt. 

lifitish Mtundard Oaiiire. 

II. boardi Oiiu of the HwHohboarda 
111 u lnri;e telephone exihaiiKo 
where one subscriber Is loniiucted 
to another. 

]|.t.u.i Ililtlsh thermal unit; the 
heat required to ralno the temper- 
lure of 1 pound of water 1 de- 
gree F. 

B.W.a.i Birmingham u’lro gauge. 
The same ua Stubs' Copper wire 
gauge. 

BXt A term often uaed for flexible 
armored cable. 


II. A S.t Brown & Sharpe wire 
gauge wlileh la the same aa Amer- 
ican wire gauge. 

babbitt mctalt An alloy of lead, tin, 
copper, zinc, and antimony used 
for boarlngs of electrical ma- 
chines. 

back pltcbi The distance betw'een 
the two sides of an armature coil 
at the back side of the nrinaturc, 
iiHually e-xpi'esscd In number of 
slots. 

bark ampere tiiram The ampere 
turns on the armature that pro- 
duce mugiictlsm that opposes that 
piodiiecd >iy the Held eulls. 
bnkelltei A moulded Insulating ma- 
terial. 

balnneed loadi Arranging the lo:id 
ci|iially on tl.e two sides of a 
tiiruu-wii c svKtem 
balancer eiilli An auto truiisrornii'i* 
used to piotidc a neutral wire on 
a ?.-wlre H\.stcm 

bnliineer sett Two direct currciil 
generators or motors coupled to- 
gether and Ti-icd to keep the vol- 
tage the same on (>ach side oi a 
S-wirr* Hystem. 

hnlInMtIe gnivnnoincleri A type of 
gaUaiinmi ter used for mcasuiiiig 
tlU’ i|iianlit\ of electricity sinl- 
deiilv disihiirgud through it, fiom 
usuallv a •ondenuT, e\pre''Ked as 
the angle lliroiiKh which the mov- 
able imrt turns. 

bank of lamps: A number of lamps, 
cunnei led either In siries or lit 
parallel, used as a rcslst.niice. 
bank of IrniiMformersi A niitnbcr of 
transrornuTs lo^ led at one pl.n e 
and ( inner ted to tho s.iine circuit, 
bar magnet: A stialght pennanent 
magnet. 

bar windliigni Windings composed .»r 
copper bars or rods instesd of 
wire. 

barometer; An iiislrtinu-nt for nicas- 
urliig the presume* of the atmos- 
phere. • 

barricri A partition, slab, or plul>* 
of Insulating material placed be- 
tween blades of swUclicB, wires, 
or conductor In order to separate 
or liisiilato (hem. 

batteryi A number of similar units 
arranged to work together. A 
number of primary or storage 
cclla connected cither in series or 
In parallel. 
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battery acldi The liquid used In a 
fltorave battery. This la usually 
Bulphurle acid. 

battery bozi The box holding the 
cells forming the battery, 
battery eapaeltyi The amount of 
energy that enn be obtained from 
a storage battery—usually ex- 
pressed In ampere-huurs. 
battery enaet A battery box. 
battery ehargeri A rectifier used for 
changing allcriiiitliig current into 
direct current for charging a bat- 
tery. 

battery eonneetori A bad covered 
link or bar used to connect ono 
terminal of a cell to tlie teriiiin.il 
of the next cell of a haltery. 
battery dlsebarger: An udJnstnbU* 
reslstaneo used to tent the ciuidi- 
tion of the battery by (liarhurging 
the battery. 

battery hydrometer: A hydrometer 
used for testing the specllle grav- 
ity or density of iho eloclrulyte in 
a storage battery. 

batter> o«ent An uvcii into u'hb'i 
storage batteries are idaced and 
heated In ordir to aoften the eotn- 
poiind that seals the cover to the 
battery cells. 

battery palnti A pmiil. that will 
resist the ac tion of ncida, nseil to 
paint the balU-ry hft\es or bat- 
tery rooms 

battery realntanee: Tlie internal re- 
sistance of n cull or number of 
cells. The realstnnro of tbu plates 
and eleetrolyte measured between 
the external turminuls. 
batter}' stenmeri An apparatus used 
for producing steam Inside a stoi- 
age battery case in order to aofleii 
tho sealing compound, 
bayonet aorketi A lamp socket that 
has two lengthwise slots In the 
aides of socket and at the bottom 
tho slots ingke a right angle turn. 
The \amp base bos two pins m It 
that slide In the sfsts In the 
socket. The lamp Is held in the 
socket by being given a slight 
turn when the pins reach the bot- 
tom of the slots. 

bearlngi That part which holds or 
supports the shaft, 
bearing bmeheti That part of the 
machine extending outward from 
the frame of a machine and which 
supports or holds the bearings. 


bearing losai Loss of power due to 
the friction between tho shaft and 
the bearing of a machine, 
bearing metal i A special alloy that 
has the smallcat amount of fric- 
tion between Itself and the rotat- 
ing shaft. Often used as a lin- 
ing In the bearing, 
bell haagerVi bit: A long slim Wood 
bit used to drill through tho frame 
of n building when installing door 
bells. 

bell ringing trannftirniert A small 

IranKfortner, slipping the voltage 
down from 1ll> volts to about 10 
volts, used on a door boll. 

Il-ll riir^er A ciirvo that shows tlin 
relation b«*l\voen Ibe magnetising 
forei> .(hd the niintber of lines of 
fnrfe per siinme Inch or ceiitl- 
lueter prodiu ed In dllTerent metals, 
nil A (liemleal sytitbol for bismuth, 
blrhmmate eell: A priinarv cell eon- 
Klslliig of 1 ‘arboii and sine elec- 
li'oibs ImiiierHcd In a solution of 
Tiotnsslum bli'liroiniite and siil- 
phin II' :i( ill. 

lilBdlng posfMi Teimlnals used on 
xippariituM or eireuilH so that other 
<irr lilts laii be quleklv altarbed. 
bipolar: Having only two timgnetle 
poles. 

IlIrniinKhniii wire gauge: Wire 

gauge u.‘-••d for meiisuilng gal- 
\.iril/eil lion telephone and tele- 
graph wires; also called Stubs' 
gauge. 

block lend: A form of carbon eallod 
Kraphite. 

blow-out coll. An electromagnet 
used for dod'etlng the arc br- 
iwer-n iwo contautB and thus 
blowing out the arc. 
bond: \ short hlgh-gmdc conductor 
cable o: wire useil to connect tbe 
end of one rail to tho iiuxt. 
booster: A generator coiineeted In 
scries with a rlrcult In order to 
1nc:en.«.- the voltagu of that cir- 
cuit. 

booster ronverteri A machine that 
changes the current from alter- 
nating to direct or the opposite, 
that has a booster built In as part 
of the machine. 

booster transformer i A transformer 
used to raise the voltage of an 
alternating current feeder or cir- 
cuit. 
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bos conoectori An attachment used 
for fastening the ends of cable 
to a box. 

braided wlrei A conductor composed 
of a number of small wires 
twisted or braided tORethor. 
brake sboei A metallic caatinff that 
hears affnlnst the wheel In order 
to stop the wheel from tui nine, 
brake homepoweri The actual power 
of a machine ineasiiied by use of 
a I'roiiy brake or dynanioineter. 
branch circuit I That part of the 
wlrliiK system between the fln.al 
set of ruses proleetlnf? It und the 
place whi 'e the llfflitliif? flxtures 
or drop cuids are uttachi'd. 
branch entuuti Thu fuse holder for 
the hraneli circuit ruse. 
brasluKi rnitiiiff two metals by a 
joint composed nf a film ol brass 
or alloy that has a higher nie'Llni; 
liolnt than solder. 
brlilRci A Wheatstone bridge, 
brldac diipicst A duplex telegraph 
system dependent Tor its operation 
upon the Use or a WbeulMimie 
bridge connoctlon in wliKh the 
telegraph elicuit and an .irtificuil 
line similar to it are tlio two arms 
bridging set: A telepMoiiu set do> 
signed to he eonneoted In p.irullel 
with other teleidioties to u tele- 
phone line. 

Ilrltlsb thcrniitl unit: The amount 
or heat reiiiilred to raise the tem- 
perature or otiu pounil or \%uter 1 
degree F. 

Drown nnd ghnriic gnugc: The 

gauge used In I'lilted fitiiles ror 
cupper wires. Munie as Aiiiei lean 
wire gauge. 

brousc: An alloy of copper and tin. 
brnshi A cniidiictor tliat makes con- 
nection hetweeii the rotating and 
stationary parts of an elcetrlenl 
machine. 

brush discharge: A faint glowing 
disehnrge at sharp points from a 
roiiductor carrying high voltages. 
It ooeura at a voltage sllglitly less 
than that rciiiilred to cause a 
spark or arc to Jump across the 
gap. 

brash bolder: The device used to 
hold or guide the brushes against 
a commutator or slip ring, 
brash bolder cable: A stranded con- 
ductor composed of a largo num- 
ber of copper wires, smaller In 


size than those used on regular 
stranded cables. 

brush holder spring: A spring used 
to press the brush against the 
commutator or slip ring, 
brush bolder stndi An Insulated 
bolt or rod to which the brush 
holdci's are fastfm.d. 
brush lag: The distance that the 
brushes on u mot or are shifted 
against rotation In ordi r to u\er- 
roinc the effect of urinal lire roac- 
tion. 

brush lend: The illstamv that the 
brushes on a generator .ire shifted 
with rotation in order to over- 
eoine armatiiro reaction, 
brush plg-lHili A short braided wire 
fastened to the hnisli. It conducts 
the current iioin the brush holder 
to the brush. 

brush rocker: A support for tho 
brush holders and studs uriangoil 
so the location of the brushes ran 
he shifted around the eommuta- 
tor. 

brush yoke: Iron framework or 
suppoit for the hriish holders, 
bucking: One elect i leal circuit or 
action opposing anotlier one. 
biit'kllngi Warping or twisting of 
storage hatlerv plates due to too 
high a rate of cliurge or dis- 
charge. 

bulb: Tho glnss Inelosliig part of an 
Ineaiidescent lamp that surrounds 
the filament. 

Dnnsen cell: A pi imur\ cull usln^t 
Mue and :{i-tphiii- I'leclrudes 
burn ni:fi Jianui'-i to ileetrle tna- 
chliif or rondiitiors caused bj a 
heaiv lloiv of ^lll''eIll duo to short 
circuir or grounds, 
burning ri»eki A frame for holding 
storage hattory iilates when oon- 
ncetors or straps are being fas- 
tened to them. 

has: A contrnetion fo>' bus bur. 
bus bnri Thu main circuit to which 
all the generators and f>» tiers In 
n power station can ho c-onne< ted. 
bushing: An Insulating tuhe or 
sleeve protecting .a conductor 
W'here it pusses through u hole In 
building or apparatus, 
butt Joint: A splice or connection 
formed by putting the ends of two 
conductors together and Joining 
them by welding, brazing, or sol- 
dering. 
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hiiKSFri A door hell with the ham- 
mor and sonff removed. 

B-X eablei Trade name for armored 
rable made by General Electric 
Co. commonly used to refer to ar- 
mored cable. 

C 

t': When used with teinpi>rature, 
ii-fi-rH lo L'ontltrrudi' tliermoinc-tcr. 
<’i Capacity of condenser, usimlly 
c\pti-sH<d in farads or mlcro- 
r.'ii.'ids. 

C'li: • ■iifiiilcal avinbol for colciiim. 
i'.t'.W.: t'tiiintcrclockAvise rotation, 
t'kts Circuit. 

Ahlireviatlon for centimeter 
gram second units — the centimeter 
henif? tile unit of lenicrth, the frrain 
till' unit of weiRlil, and the sec- 
ond the unit of lime. 

An .n.1ibrcvtation for constant 
potential;' also for candle-power of 
a liKlit. 

I'.Ali.i ('lotkwisc rolalinii. 
cniilneti Iron box ciMitalnIng: fuse, 
cutoiitn, and HMltrlics. 
cablet A coiidut tor compnacd of a 
number ol wins Lwist«Ml toKethcr. 
cable lioxi A box w'hl' h protects 
tlic roiiiH>rilonh or .sp]icc.x Juiiilne 
c.ibles of one ciieiiit to anotlier. 
cable clamp: .A (lamp iiacd to fasten 
cables to their sii|iports. 
cable Rrlpi A claniu lliat frrips the 
cable when it is beliii; pulled Into 
place. 

cable rack: A frame tor sii|)](ortlnK 
cleeli le cables 

cailmiuiii: .\ silveiy while metal, 
cailniium test: A ttnt of the eondi- 
tiiin of the positive and iieKatlve 
plates of a storaftu battery, 
calllirntfci To compare the readings 
of one meti-r with those of a 
standard meter that is accurate, 
calidoi .\ nickcl-cliromu electrical 
rosJstaiKu wire. 

call-bclii An electric bell that tells 
a person or operator that he is 
wanted. 

calorlei Tlie amount of heat re- 
quired to raise the temperature of 
1 cram of water 1 dcffreo centi- 
grade. 

ealorlslnirx A process of coatlnir a 
metal with a lino deposit of alumi- 
num similar to ealvanizins with 
zinc. 
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cambric iapei A cotton tape that 
has been treated with insulatlnir 
varnish. 

candelabra lampi A small size lamp 
tliat has a smaller size screw base 
than the standard lamp base bul 
larffur than the miniature base, 
candle I A unit of llRlit Intensity, 
candlc-poxvcri The amount of liffht 
for a source as compared to a 
st.iii'lard candle. 

cnniip>i The exterior part of n 
lifthtliiK fixture that Ills nRaltisi 
tile wall or ccIlInRs, tlius coverliiK 
file outlet box. 

cnn(»py Mwllchi A switch fastened 
to the iaiio)»y and used to turn on 
and off this liqlit in tliu fixture 
catmtcboiici A < i iido rubber, known 
as India ruhlu-a 

capncit>i Aliility to Itold or carry an 
electric cIi.ii'Ri*. Till' iinl* of ca- 
pac'iiy is farati <>r inicrofuradH. 
capacity of a condcnHcri. Tliu quan- 
tity of eluctilcity that a condenser 
can receive oi liold. 
capacity rcactiiiicct Tho inctisurc of 
tho opposition to the pasaaKo of 
an allcrn.itinR current tlirouRn a 
eond( user expressed in ohms, 
capillary attrnciloni Tliu Course ol 
the raishiR and lowering of Ihc 
Ii<|iiul in a iiihe abovu or below 
the .surroiindlnR Iliiuiil. 
cnrbfin: A iixii-iiietaille elemi'nl oi 
siibstiini'e round In graphite, cliur- 
eo.'il, coal, and coke, 
carbon briiNlit A block of carbon 
Uh<d lo i.irrv tho curicrit frurii tin* 
sl:ilion:(r> to the rotatliiK part of 
a iiiaihiiie 

cnrboii contact t A contact made of 
Ml bon used where the circuit Is 
opened freiiueiitly. 

cnriion rilak: A plecu of carbon used 
ns a I (‘sistance in .*i rheostat, 
carboa holder: .\ device for holding 
and fcedlnif the carbon rods In an 
arc liRlil, 

carbon pile rcRulntori A number of 
pieces of carbon arranRod as a 
rh^oHi.it to requluto the current 
to another circuit. 

carbon rcnlntaucei A resistance 
fornied by I'.irbon plates or powrder 
and arrunRed so that the pressure 
on the plates can be varied. The 
less the pressure, tho Rrcater will 
bo the resistance. 

•nrbonlaei To turn some other ma- 
tei lai to carbon by fire 
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eanler eanenti A very lilKh fre- 
quency current used to provide the 
energy for transmitting a radio 
message. 

carry lag capacity i The amount of 
current a wire can carry without 
overheating. 

cartridge funci A fuse Inclosed In 
an Insulating tube In order to con- 
fine tho arc or vapor when tho 
fuse blows. 

casc-hardcningi Tho hardening of 
tho outsldo of metals with heat, 
cascade conacctlont An electrical 
connection in which tho winding 
of onn ir ichlne Is connected to a 
different winding of the next ma- 
chine. 

cascade convcrteri A rotary con- 
verter that receives its energy 
from the rotor (seeondarv) of an 
Induction connected to the same 
shaft. 

cat whlskeri A fine wire spring, ono 
end of which makes eontaet w*!th 
a crystal In a ervsiul radio set. 
catenary cnr«ei The curve or sag 
farmed by tlic w'clght of u wMro 
hanging freely botw’ecn two 
points. 

cathloni That part of tho electro- 
lyte that tends to bo lihorated at 
the ternilnal when the current 
leaves the eloCIrolytc. 
eathodei The oleeirudo toward which 
the current flows In an electrolyte. 
The negative electrode or termi- 
nal. 

cathode rayoi Those rays coming 
from the cathode of a vacuum tube 
which produce X-ltays when they 
strike a solid substjLnce In the 
tube. 

cautcriset The soaring or burning 
of flesh w’ith ad electrical heated 
wire. 

C.r.i An abbreviation for cubic 
centimeter; also Cn c.n. Is used, 
cclli A Jar or container holding the 
plates and electrolyte of one unit 
of a storage or primary battery, 
cell vcati An opening In the cover 
of a coil which allow’s the gasses 
found In the cell to escape, 
cellnloldi An Insulating material 
made from gun cotton and cam- 
phor; It Ignites easily and burns 
up very quickly. 

rcmcati A material used to hind 
substances together. 


ecmcntatloBi The forming of lead 
sulphate In small quantities on 
storage battery plates when they 
are drying after being made, 
center of dlstrlbatloat A point near 
the center of the area or eectlon 
served by a feeder or circuit from 
a power station or substation. The 
feeler Is usually run directly to 
this point, and tlicn branches out 
In all directions from there, 
cratlgradri A thcrinuinetvr whose 
scale is 0 at tho freezing point 
and 100 at the boiling point of 
water 

ccatlBirtrri The one-hundredth part 
of a meter; 0.H937 Inches, or 
longer than \ of an Inch, 
central I A telephone office or ex- 
cliangc. 

central station! A poorer plant sup- 
plying electric light and power to 
a number of users, 
centrifugal cutonti A switch opened 
by cenlrirugal force of a rotating 
body and closed by a spring when 
the centrifugal force is reduced, 
ecntrirngnl forcci The force that 
tends to throw a rotating body, 
or weight, outward and away 
from tho center of rotation, 
chnin wlndlngi A type of armature 
winding which resembles a chain. 
chnracterlBtlei A curve that shows 
the ability of a machine to pro- 
duce certain results under a cer- 
tain given condition, 
ehargci That quantity of static 
electricity 8t>.r cd between the 
plates of a condenser, 
chanrlngi Sending electric current 
through a storage battery, 
chnrglag ratei The number of am- 
peres of current flowing through 
a storage battery when It Is be- 
ing charged. , 
choke colli A coll of a low ohmic 
resistance and a high Inductance 
which will hold back unusual cur- 
rents but allow regular steady 
currents to flow through easily; 
also reactors or reactance colls, 
drcalti Tho path taken by an elec- 
trical current in flowing through 
a conductor from one terminal of 
the source of supply to the other, 
cirenit hrcakcri A device used to 
open a circuit automatically. 


480 





elvenlar loom 


9 


eompronoted Toltmetor 


rircnlor loomi A flexible non-metal* 
lie tubing slipped over rubber cov- 
ered wires for additional Insula- 
tion and protection, 
elrcnlar mill The area of a circle 
onp-tlioii^andth of an Inch In diam- 
eter; area In circular mils = 
dlnmi'tor. In mils, squared or mul- 
tiplird by itself. 

Clark rrlli A primary cell that pro- 
duces a constant voltaKP for sev- 
eral years and used as a standard 
source of voltage. 

rlenti Piece of Insnlatlnfr material 
used for fastening wires to lint 
sin faces. 

ellnilipr: A sharp steel spur or spike 
fastened to the shoo and leirs of 
linemen to aid them in ollniblnR 
poles. 

clock wise rotation* Turnint; In the 
same direction ns the hands of a 
clfick; riKht-handcd rotntlon. 
closed circiilti A complete electric 
circuit through which current will 
flow when voltaf?e Is applied, 
closed circuit battery t Pn tiiiiry cells 
that will deliver a steadv current 
for a lonr? time A battery that 
can be used on a closed circuit 
system. 

closed coll armoturci The usual ar- 
mature windings In which the 
connection of all coils forms a 
complete or closed cii'cult. 
closed nioanctlc circuit : A complete 
maKnetIc path throufrh Irt n or 
other metal without an air |?ap. 
clnstcri A llghtliif; fixture having 
two or more lamps on It. 
cobalt* A white metal similar to 
nickel. 

code* A aeries of long and short 
sounds given In order to convr) 
certain signals or information, 
cocfllclcut of caponsloni The In- 
crease in length of a rod or body 
for eaeh degree that the tempera- 
ture la lncre*\8ed. 

eohcrcri A device used In the early 
days of radio to detect radio sig- 
nals. 

coll boat A box containing Ignition 
or induction colls, 
coll pitch* The number of slots 
spanned by an armature coll, 
collector rlugt A metal ring fas- 
tened to the rotating part of a 
machine, and completing the cir- 
cuit to the rotating part of the 
machine. I 


comblauflon flxtare* A fixture ar- 
ranged for both gas and electric 
lights. 

eomblnstloB switch* A switch on 
automobiles used to control both 
lights and ignition, 
conmierclnl cfBcIcucy* The ratio of 
total output to input of power, 
cftiiimiitnllng machines* Generator, 
motors, and rotary converters that 
have commutators, 
commutating pole* An Intcrpole 
placed between the pole pieces of 
a dviiumo in order to reduce 
sparking at the brushes, 
commiitallng pole rcctiflcri A ro- 
tnrv converter fitted with Inter- 
pol cs. 

commutation* Changing the alter- 
nating current produced In the 
armature windings Into direct 
current bv use of tlio commutator 
and brushes. 

conininlalori A device by which al- 
ternating iMirri'iit produced in a 
geni‘i:itor is changed Into direct 
ciirient. It consists of a ring 
made up of a number of copper 
bars or S)‘gmrnls; cucli bar is In- 
sulated from the next one and 
connect cd to the end of the arma- 
ture windings. 

coniiniilnlor bar: A small piece of 
copper ii.xed In building a roininu- 
tator, a commutator segment, 
coininiilalor ccinenti An InHulatliig 
Riibstiiiicc used In repairing or re- 
placing mica In a commutator, 
commulalor compound i A compound 
applied to the surface of a com- 
rniitator to aselst In obtaining a 
smooth ptdish. 

compass! A small magnetised needle 
pivoted at the center and point- 
ing in a north and south direc- 
tion, which Is in line with the 
earth’s magnetism, unless Influ- 
enced by stronger magnets. 
compcDsafcd machloci A motor or 
generator with a series field wind- 
ing placed In slots In the face of 
the pole piece. 

■ompensated voltmeter i A V o 1 1 - 

meter connected with the bus 
bars at a power station. It Indi- 
cates the voltage In the feeders, 
showing the actual pressure fur- 
nished at the far end of the cir- 
cuit. 
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compcamted wladla*! A wlndlnsr 
which la placed In alota cut in 
the face of the pole pieeea paral- 
lel with the armature alota. The 
current In thia winding flowa In 
the oppoalte direction to that In 
the armature alota 

eompenaatori A name that la ap- 
plied to any device which offaeta 
or equallaea In Ita effect some un- 
dealred effect. 

eoMpoaeatt A part of any thinff: 
uaed In reference to the analyalna 
of a current In a circuit by vec- 
tora. 

compealte II A telephone or tele- 
graph line eompoaed partly of un- 
derground and partly of overhead 
open wlree. A line that telegraph 
and telephone mceeagea may be 
nont over at the name time. 

eompoand fleld wlndlngi A wlii<llng 
eompoaed of ahiint and aerlee eolla 
either acting together or agalnet 
each ether. 

eompoand generatori A generator 
that hae ahiint and aerloa field coila 
acting together to produce a 
ateady voltage. 

eompoand magnet i A permanent 
magnet built up from a number of 
thin magneta of the eame shape. 

eompoand motori A motor thnt has 
ahunt and aeflca Held eolla or 
wlndlnga. 

eoneentrated aeldi Pure add that 
muat be diluted before It can be 
uaed. 

eoneentrle enblei A number of wirea 
wound apirally around and Inau- 
lated from a central conductor or 
cable. 

condenacvi Two eonduetora sepa- 
rated by an Insulating material 
that la capable of holding an elec- 
trical qharge. 

eondonaer enpaeltyi The amount of 
electrical charge that a condenser 
will hold, measured In microfar- 
ads. 

eondenaer dielertrlet Insulating ma- 
terial between condenser plates or 
conductors. 

eondenaer plate i One of the condue- 
tora forming the eondenaer. 

condensltei A kind of moulded In- 
sulation. 

condnetancei The ease with which 
a conductor carries an electric cur- 
rent; It Is the opposite of resist- 


ance. The unit of conductance la 
the mho (word *^hm" apelled 
backward). 

eondnetlvltyi The ability of a sub- 
stance to carry an electric cur- 
rent 

condnetort A wire or path through 
which a current of elocrlclty 
flows; that which carries a cur- 
rent of electricity, 

condnlti A pipe or tube, made of 
metal or other material, in which 
electrical conductors or wires are 
placed. 

condnit bosi An iron or steel box 
located between the ends of the 
conduit where the wires or cables 
are spliced. 

eondnit bushlagi A short threaded 
sleeve fnsti'ncd to the end of the 
conduit Inside the outlet box. In- 
side of sleeve Is rounded out on 
one end to prevent Injury to the 
wires. 

eondnit eonpllngt A short metal tube 
threaded on the Inside and used 
to fasten two pieces of conduit 
end to end. 

eondnit elbow t A short piece of con- 
duit bent to an angla usually to 
45 or 90 degrees. 

eondnit rigid i A mild steel tubing 
used to Inclose electric light and 
power wires. 

eondnit rodi A short rod which Is 
coupled to other rods and pushed 
through the largo conduit to re- 
move obstruct lor.s and pull a cable 
Into the condu't 

eondnit wiringi Electric light wlree 
placed Inside conduit. 

condnieti The trade name for a 
number of conduit flttinge made 
by Croiiae-Hlnde Co. 

connected londt The sum of the rat- 
ing of all the lampi^ motors, heat- 
ing devices, etc., connected to that 
circuit. 

connectlng-npi The process In mak- 
ing splices and connections to 
complete an electric circuit. 

conneetori A device used to connect 
or Join one circuit or terminal to 
another. 

eonncctov ewltchi A device In aa 
automatic telephone exchange 
that makes connection with the 
desired line. 
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eoBaeqacBt polci A maimetlc pole 
produced by placing tuffether or 
near each other two north or two 
south poles. The forming of 
pole alonp a magnet as well as at 
the ends. 

eoBBOBBnti A condition In a trans- 
former which produces resonance 
In the primary circuit duo to a 
certain combination of capacity 
and reactance In the secondary 
circuit. A condition to be 'avoided 
except In radio work, 
eonatant rurrrnti A current whose 
amperage Is the same all the 
time. 

eonstnat-purrent elreniti A series 
circuit, such as a street lighting 
circuit. 

eoastant-eurreat geaerator. A gen- 
erator in which tlio voltage Is In- 
creased as the load increases 
while the current la kept con- 
stant. 

coBNtant-eurreat nietori A motor 
designed to operate on a constant- 
current circuit. 

constant - current trnnaforniert A 

transformer whose secondary de- 
livers a constant alternating cur- 
rent, usually to a aeries street 
lighting circuit. The primary Is 
connected to a conatant-polentlal 
circuit. 

constant potentlnli A constant vol- 
tage or pressure In the usual 
power and light circuit, 
constant-potential gcnemtori A gen- 
erator that produces a constant 
voltage even though the speed Is 
varying or changing. 

Constant- potential transformcri A 
transformer used on a constant - 
potential circuit. 

constant-speed motor i A motor that 
runs at the some epecd when 
carrying a full load as when 
lightly load()|il. 

constnnt-s’oltage regnlntori A reg- 
ulator tiint causes a generator to 
produce a steady voltago at vary- 
ing loads. 

coBtaetf A place whore a circuit Is 
completed by a metallic point be- 
ing pressed against a conductor. 
When the presaure Is removed, 
the elrcult Is opened and flow of 
current atopped. 

eoBtact dropi The voltage drop 
across the terminals of a contact. 


eoBtaet reslstaacei The resistance 
In ohms across the contact points, 
contact aparkiBgt The spark or arc 
formed at the contact points when 
a elrcult carrying current Is 
opened. 

eoniaetori A device used to open 
and close an electrical circuit rap- 
idly and often. 

contlaental eodci A aeries of dot 
and dash signals generally used 
In radio work to send telegraph 
messagea. 

eoBtInuone rarrenti A direct cur- 
rent that Is free from pulsations. 
ceBlIaBouH TBtlngi The output at 
which n machine can operate con- 
tinuously without overheating or 
exceeding a certain temperature, 
eontraetori One jwho agrees to do a 
certain Job for a sum of money 
agreed upon before the work Is 
started. 

coBtrol ewttehi A small switch used 
to open and close a circuit which 
operates a motor or an electro- 
magnet coll. This motor or elec- 
tromagnet Is used to operate or 
control some electric machine, 
eoalrolleri A device that governs or 
controls the action of electrical 
machines connected to It. 
eoBtroller reslHlaBeei The resist- 
ance used with a controller to 
start and vary the speed of the 
motor. 

eon«rr«rrt A machine that changes 
electric current of one kind Into 
current of another kind by the 
use of rotating parts. 
eoBvcyorai Meriianlral devices used 
to carry material from one place 
to another. 

Covlldge tube! An X-ray tube first 
developed by Wm. D. Coolldge. 
eopperi A metal used for electrical 
conductors because It has less re- 
sistance than any other metal ex- 
cept silver. 

copper bath I An electrolyte com- 
posed of copper salts or crystals 
used for copper plating, 
copper clad I Iron or steel wire cov- 
ered With a layer of copper In 
order to Increase the conductivity, 
wppsr loasi The I>R loss In power 
due to the resistance of the cop- 
per conductors or wires, 
copper platlBgi Depositing a layer 
of copper or other metals by the 
electroplating procesa 
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copper ribbon I A thin bar or atrip 
of copper. 

copper atrlpi A lonff thin bar of 
copper, usually about A to of 
an Inch thick. 

eordi Two Insulated (lexlblc wires 
or cables twisted or held together 
with a covcritiic of rubber, tape, or 
braid. 

corn Tho Iron or steel In the <}entcr 
of a coll tlii'fiiieli which muf^nutlc 
lines of furou i)!is.s 
core Ironi Iron sheets ii.sed for mak- 
Inft cores of matmels, transform- 
ers, f^enerators, and motors, 
core loast The power lost In a ma- 
chine due to eddy currents and 
hysteresis losses. 

core Iransfornicri A transformer 
with tho wlfidlnffs placed on the 
outside of the core, 
coronnt A violet llKhl fflow that 
occurs on hlprh voltage conductors 
Just hefore the vollaKc becomes 
hlffh enough to cause a spark or 
arc. 

corrosloni The rust Inf; of Iron and a 
slmllnr action and deposit lornicd 
on other metals. 

cotton-coYcrcfl wlrci A wire cov- 
ered with a layer of thin cotton 
threads wound spirally around it. 
eotton-enanirled nrim An enameled 
insulated wire covered M’ith a 
layer of cotton threads, 
cotton olrcvIniEi A Woven cotton 
sleeve or tube slipped over wires 
to Insulate them. 

coiilombi The quantity of electricity 
pnsslnK through a circuit. It is 
equal to amperes times seconds. 
All nmiiero hour - SGOb coulombs, 
rountci^elockwlsr rototloni Turn- 
Inf? left handed, which Is in a 
dlreetliin opposite to that of the 
lianils t>f a clock. 

coanter-eleetromotUr fnrrri The 
voltiiKC or pressure that opposes 
the normal voltaKe tciidlngr to 
force a current throueh a circuit, 
cowl Inmpi A lump placed on the 
dashboard of an aMtoinoblle to 
light the instruments on it. 
crccplnp of wattmctcri A slow 
turning of the wattmeter disk 
when there is no power passing 
through it. 

Crookco* tabcBi Tubes used for pro- 
ducing X-rays. 


cross nmii An arm fastened at the 
top of the pole to support the 
Wires. 

cross magnetisation I The magnetic 
lines of force produced In the ar- 
mature that are at right angles 
to those produced by fluid colls, 
cross oscri A device that enables 
one wire to cross over another or 
a car to pass from one track to 
another parallel one. 
croOB-scctlon arcai The surface of 
the end of a wire, rod, or other 
object. It iH measured In square 
inches, square centimeters, square 
mills, etc. 

crow foot: A small fitting fastened 
In an outlet box to which fixtures 
are fastened. 

crow-foot slac: A xine plate having 
extending arms, used in a gravity 
cell. 

current: The flow* of electricity 
through a circuit. 

current coll: Thu coll or winding 
through w'lilch the current in a 
circuit flows. 

current density: The number of am- 
peres per square centimeter or 
square Inch of cross sectional 
area of the conductor, 
current regulator: A device that 
regulates or limits the flow of 
ctirrenl through a circuit, 
current strength: The flow of cur- 
rent In amperes. 

current trsnsformcri A transformer 
In which the flow of current ir 
tho Sicondary w'lnding is In pro 
portion to that flowing through 
the primary r!r 'iiit, also called 
serlfd transfornur. 
cut-in: A device operating In an 
electric circuit which connects two 
circuits together. 

cut-ont: A device that opens or dis- 
connects one circuit from another, 
cut-out box: The box in which fuse 
holder blocks, amj fuses are lo- 
cated. 

cycle: The flow of alternnfing cur- 
rent first In one direction and then 
In the opposite direction In one 
cycle. This occurs 60 times every 
second In a GO-cycIe circuit. 

D 

D.C.I Used as an abbreviation for 
“direct current." Used as an ab- 
breviation for “double contact.*' 
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D.C.f'.i Used ns on abbreviation for 
“double eotton-covori'd wire." 
D.P.i Used as an abbreviation for 
“double pole." 

D.P.S.i Used aa an abbreviation for 
“double pole snap switch." 
D.P.N.T.i Used as an abbreviation 
for "double pole single throw." 
D.P.D.T.: Used as an abbreviation 
for “double pole double throw." 
damper wlndlnyci As .tHpIled to cop- 
per pieces so pl.acod in the pole 
faces of niternalliig-current 
chlnos as to reduce liuntlng 
'dnmplnic: rniises the needle of an 
electric nii-asiirlii;r iiistnimciit to 
come to rl■sl quickly, 
damping eolli Used to cause the 
needle of a galvanometer to 
quickly return to rero 
damping magnef: .^n^’ ningriet used 
to check the motion.H of a moving 
obji'ct or magnet. 

Daniel roll: A pilmarv ilcctnc ct II, 
using copper siml xinc r«ir elec- 
trodes, used on rinsed eircult 
work. 

D'.iraonral mrteri A \oltmefi<i- <.i 
ammeter whose pointer Is al' 
taehed to a muting eidl of line 
wire carried between the p»il«.s of 
a permanent magnet, 
dashboard Instrunienlsi .Xtnirieler, 
voltmeter, or enircnt itulie.ilor. 
siiitahlc for inuiirrtiiig on the 
dashboard or cowl board of an 
automobile. 

dnsh puti A eviindrlcal i linmber 
containing oil, air, or otlii-r lluid 
in which motes a plungi-r at- 
tached to some part in tthlch It 
IS desired to avoid sudden changes 
of position. 

dead benli An Instrument tt'liKse 
pointer toin(.s Immediately to its 
true reading tvlthout swinging 
back and forth. 

dead colli An armature coil which 
is not coiinecti-d In the armature, 
clrcjjit of the windings hut which 
Is required In order that there 
may be the proper number of coll 
sides in each slot, 
dead cndi The end of a wire to 
which no electrical connection la 
made. The end used for support- 
ing the wire. The part of a coll 
or winding that la not In use. 
dead end eyei A metal eye threaded 
at one end to attach to a lod and 
holding a cable In the loop of the 


dead groundi An accidental ground 
of low resistance through which 
most of the current cun escape 
from a circuit. 

dead mani A short pole with cross- 
arms to which the guy wire from 
another pole la fastened, 
dead wirei A wire In which there Is 
no electric current or voltage, 
decade lirlilgei A AVhcntstunc bridge 
having ten scpiirntc colls of rqiinl 
resist a nee value. 

dccli Is a term meaning one-tenth, 
dcel-niiipcrei Oiic-lcnlli of an am- 
pere. 

dccltnnlliini Tbc difTcri'iii-e between 
till* puHlllon of a comii.iHS needle 
and tile trui' )*osltiori of geograph- 
ical north rind south, 
dcclliinnieter: •.\ii liistrunicnt for 
measuring (lu^ declination of a 
« oinii.is.s MCI die. 

de-rncrKisci To st.>)i current from 
(lowing In n clreiilf or an electrical 
part. 

dcficctliiiii Tlie movement of the In- 
diiMtiiiK iioliitcr of an electric 
iiK .isiinng iMstniiiient. 
ilrfirrllnn of rnnipnsM necdlet The 
inovt tuetit of a needle from a point 
of repoM* eltliiT In the caith’s 
ni.igiietie tlelil or In that of an- 
other niagiii I and pindueed hy the 
liiiliKnce of the (lux of all electric 
CUM cut or or a inagnet 
dekfit A pielK irieaiilritr ten timrs. 
deka ampere: Ti n niripen h . 
delivered power: Thu ])ower de- 
Ihiriil at one mil of a line, In u 
.'•\sleiii of fleetriifil transmission 
in emit r.idist Ini linn to the power 
dt livi red into the line at the other 
end. 

della conaeednn: .'Series hookup of 
three i iienlls of an alternator, the 
end of one elreiiit being Cfiniiected 
to tbe beginning of tho next, etc. 
The wiring rliagram of this ar- 
langeini'iit resembles a triangle or 
tbe letter Della of the fSreek al- 
pbuli* t 

ileinnKiictlsallnni TToccas of rumov- 
Inu' the tn'iRnetlsm from a rimgiie- 
(I/ed substance. This may bo done 
e'thor by heating to a rod In-at, 
by violent Jarring, or by holding 
the magnetized siibstanco In and 
then gradually removing It from 
the magnetic (kdd of a solenoid 
operated on an alternating cur- 
rent. 
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daaiasaatlBlav armataK tanai In- 
duetora of an armature, which, 
while moving In the field of the 
polea, aet up a counter-magnetic 
field that tenda to demagnetlae the 
polea. 

deaiaadi Amount of electric current 
needed from a circuit or genera- 
tor. 

demaad fartori Ratio of the maxi- 
mum amount of current eonaumcd 
In one auh-circult to the total 
load or current draw on the whole 
circuit. 

demand meteri Device which reg- 
latern the i laxlmiim ampere cnn- 
aumptlon of appreciable duration 
In a circuit. 

dennitrt The ratio of a quantity of 
a aubstance to the apace It occu- 
plca: I.e., the ratio of maaa to 
volume. 

deaalty of enrrenti Amount of cur- 
rent flowing through a conductor 
of given croaa-sectlonal area. 

deaalty of field i Amount of mag- 
netic flux, or llnea of force, con- 
tained In a given croea-eectlonal 
area. 

deaalty of eleetrolytei The propor- 
tion of chemical In the water with 
which It la mlx«d to make an elec- 
trolyte. See “apeciflc gravity.” 

depolarlaei (al To eliminate or re- 
tard the gaa which tenda to col- 
lect on the elcctrodee of an elec- 
tric cell when It la being charged 
or discharged, (b) Synonym for 
demagnetize. 

depolorlseri A chemical, elo»*tro- 
chemlcal, or mechanical agent In- 
troduced Into the cell to prevent 
or retard the formation of gaa 
which polarizea the electrodea. 

derived elrevlti Shunt or parallel 
circuit, the current for which la 
obtained from another circuit. 

derlntlon faetori Difference between 
an alternating-current wave of a 
generator and a true alne wave. 

diamagnetic aabetancei One that la 
repelled by a magnet, as bismuth 
and phosphorus. 

diaphragm I A disk or sheet of metal 
or other aubstance having enough 
flexibility to vibrate, as a tele- 
phone-receiver diaphragm. 

dieleetrlei Insulation between con- 
ductora of opposite polarity; term 
generally used only when Induc- 
tion may take place through It. 
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dielectric coaataati A number rep- 
resenting the dielectric quality of 
a given substance as compared to 
that of air. 

dielectric enrreati Leakage of cur- 
rent through a dielectric, 
dielectric hyatcreslai Consumption 
of energy caused by molecular 
friction In a dlelectrlo under 
changes of electrostatic pressure, 
dielectric reelstancet Resistance of 
a dielectric to electrical pressure, 
dielectric ctralai Strain to which a 
dielectric is subjected while It Is 
under electrical pressure, 
dielectric atrengthi Ability of a di- 
electric to withstand electrical 
pressure before breaking down. 
This Is measured In volts neces- 
sary to puncture the dielectric, 
dies (pipe) I Tools for cutting and 
threading metal conduit, 
digcrencc of potential i Difference 
In voltage between two conductors 
or two points along one conduc- 
tor carrying an electric current, 
differential booateri Generator in a 
battery-charging arrangement to 
maintain a constant voltage 
differential electromagnet i An elec- 
tromagnet having part of Its 
winding reversed to oppose the 
other part to permit adjustment 
of the pull» 

differential field winding i Field 
winding In which the shunt and 
series windings of a compound- 
wound motor or generator oppoee. 
each other. 

differential galvanometer! Galva- 
nometer having two colls wound 
to counteract each other, 
differential sreaeratort Generator In 
which the ahiint and aerlee field 
windings counteract each other to 
limit the maximum amperage, 
differential motori A direct-current 
motor having Its ahvnt and series 
field windings opposing each other, 
to obtain a constant speed, 
differential relayi A relay consist- 
ing of a differential electromag- 
net. 

differential winding! Coll which le 
wound opposite to another to 
counteract it. 

dlffnoloB of magnetic final Devia- 
tion of the magnetic llnea of force 
from a straight path between the 
poles. 
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Mmmcri A reslatance coll connected 
in aerlee with a lamp to reduce 
tho amount of current flowing 
through It, and consequently to 
dim or reduce the light. 
dlnkcTi Small, two-wheeled cart 
used for hauling poles In line con- 
struction. 

dipt Angle which a magnetic needle, 
pivoted in a vertical plane, makes 
with the horizontal, 
dipping needlei Magnetized needle 
pivoted freely at Its center of 
gravity In a vertical plane so that, 
when set In a magnetic meridian. 
It dips until It lies parallel to the 
magnetic lines of force of the 
earth. 

dlphaee generatori Generator pro- 
ducing two alternating currents a 
quarter of a cycle apart, 
diplex telegraphyt Transmission of 
two telegraphic messages over tho 
same wire, at the same time, and 
In the same direction, 
dlreet-conneetedi Two electrical 
machines, such as a motor and a 
generator, connected together mo- 
chanleally and In line, by having 
their shafts coupled together or 
by both being mounted on the 
same shaft. 

direct earreati Electric current 
flowing over a conductor In one 
direction only. Abbreviation d.c. 
dlreet-earrcnt convertor i Device for 
changing a direct current of one 
potential to a direct current of 
another potential. 

dlrect-corrent generatori Generator 
that delivers direct current, 
dlrect-corrent Instrument i Device 
operated on direct current, 
direct-enrrent mngneti Electromag- 
net operated on direct current, 
direct-rending gnlvnnometeri A gal- 
vanometer provided with a scale 
so calibrated that the current flow 
may be reaa directly, without the 
necessity of calculating It from 
the proportions of the coll and the 
magnetic moment of the needle, 
disc armature I Armature of a gen- 
erator consisting of a flat disc on 
which the colls are mounted, 
diachnrgei Removal of electricity 
from its source through a circuit, 
dlnehnrge rccorderi Device which , 
detects and records discharges ^ 
through a lightning arrestor. | 


discharge rcslstancei Resistance 
coll which la connected across a 
circuit breaker to prevent arcing 
when the contacts separate, 
dlsehargeri Resistance device which 
is connected across the terminals 
of a storage battery to discharge 
It slowly without damaging It. 
disconnect I To remove an electrical 
device from a circuit, or to unfas- 
ten a wire, making part or all of 
the circuit Inoperative. The word 
is particular!]^ applied to the act 
of severing a telephone connection 
tu permit repairs. 

dlseonneetori Switch for cutting out 
circuits having high voltagea 
done only under a minimum load, 
displacement eorrentt Small cur- 
rent of electricity In a dielectric 
which is under strain of a high 
potential. 

disruptive dlsebargei Violent dis- 
charge of electricity accompanied 
by a spark. 

dlssonsneet Lack of consonance or 
agreement; as of alternating cur- 
rents of opposite phase, 
dlssoelnlloai Separation of the com- 
ponent elcnaents of a chemical 
mixture or compound, without the 
aid of any other chemical agency, 
distortion of fleldi A condition caus- 
ing magnetic flux between tho 
poles of a magnet to assiims an 
arched or curved path Instead of 
a straight one from pole to pole, 
distribution bozi Small metal box 
in a conduit installation, giving 
accessibility for connecting 
branch circuits. 

distributing fmmei Structure where 
connections are made between the 
Inside and outside wires of a tele- 
phone exchange. 

distribution I Division of current be- 
tween the branches of an electri- 
cal circuit. 

distribution llneoi Tbs main feed 
lino of a circuit to which branch 
circuits are connected, 
diotribntlon center i Point along the 
main feed lines which Is approxi- 
mately in the center of the branch 
llnea 

distribution panel i Insulated board 
from which connections are ihads 
between the main feed lines and 
branch lines. 
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dlNtrlbutlon ayHCem t The whole cir> 

ruit and all of its branrhca which 
supply electricity to consumers. 
dlMtrlbutlvex Tending or serving to 
distribute. 

fll^lded Hrcaltst Approximate divi- 
sion of a distribution system to 
li.'ilsinco both sides of the lines. A 
divided miiKiietic circuit Is one 
liavIriK itioro than one path 
tiiroui^h which tlie flux passes, 
dome Iniiipi Small lamp attached to 
the uridcrsidti of tliv top of an 
automobile. 

dour laiiipi Small lamp for llKbting 
tlici doorway and riinnlm; board 
Ilf an iLiitoniobile. 

diinr lanlern: Lamp hiiiiK so as to 
iHiimitiato the entranco of a hciiso. 
door opener: Motor-di'l\ eii di \ 
for opening and closing gat.(.i e 
di>rira. 

door Hwiteht Switch which Is oper- 
ated by o|iciiIiig and closing the 
door to whii’h It is connected, 
double armnliirei An armature 
which has two 8 ep.ara(e windings 
on one core. 

doiilile-brenk Switch which 

(oimccts and disconnects two con- 
tacts at the same lime, 
doiilile-eontnet lamp: l.nnip with a 
l.isc liuvliig two terminals to 
whirli elect! ieal contact is made 
ulicii it is Inserted in a socket, 
dooble-eolton-eo^eredi Ir:- «*oVered 
with two la^«'rs of ctdlon iiisuta- 
lion. Abbreviation d.c c. 
doiible-eiirrent genernlori A goni Tu- 
tor delivering botli direct and 
alleriiatlng current, 
double deeki Arrangement of two 
eleet rival machines, one mount "d 
II hove tho other. 

double delta eonneetloni Connection 
of three transformers by which a 
3 -plinso system Is connected to 
a C-ptinse system. 

donble-fllament lump: Lamp having 
tw'o separate fllamcnts of differ- 
ent resistances to provide low and 
high brilliancy. 

donbl^polet A term designating 
two contacts or connections on a 
device, for Instance, a double-pole 
knife sw’Itch. Abbreviation d.p. 
donbfe reduetloai Speed reduction 
In a machine obtained by using 
two sets of gears or pulleys. 


doable-ollk-eovered. Wire covered 
with two layers of silk insulation 
Abbreviation d.s.c. 
double-throw swltcht Switch which 
can bo operated by making con- 
tact with two circuits. Abbrevia- 
tion d.t. 

double trolley: Street-railway sys- 
tem using two overhead trolleys 
Instead of uno, carrying the posi- 
tive and negative current. This 
arrangement oliminiites electroly- 
sis caused by grounding one con- 
duetor. but It Inci eases trolley 
IriiiiblcH, and for this reason Is 
seldom used. 

double re-entrant winding: Arma- 
ture Winding, half lliu conductors 
ot which make .a closeil circuit, 
draft: Air dinwn or forced up Into 
the nrc-bu\ to accelerate fuel 
I oinbiiMtlon. 

draft tube: Tube or passage 
tliioiigli w‘bii‘li the discharge from 
a livilriiullc turbine Hows Into the 
tnilriii‘e. 

dru«v bar: ll.ti- on a locomotive 
111! h IS u.sv(l to connect it to a 
tram. 

ilrnn-bnr pull: Force available at 
the dr.'iw bar of a locomotive to 
pull a train, as disi iiigiiished from 
the ncliinl power of the engine or 
motor. 

drU'e shaft :' Shaft employed to 
drive a number of machines. Line 
shaft. 

driven pnlley: A pulley to which 
inoMincnt !.% iinp.'.rtcd by means 
of a belt from anoMicr pulley, 
driving |ii:lle>: Pui.cy that drives 
another through the medium of a 
bell. 

drop: I'^siuil term for drop of poten- 
tial. 

drop annnnelator: Annunciator hav- 
ing one or more electromagnets, 
each of which, w’henf operated, re- 
leases a ciiteli holding a small 
plate or shutter, and allowli it to 
drop, exposing a number or letter, 
drop of potential or voltage: De- 
crease of voltage at points along 
a circuit, caused by resistance, 
drop wire: Wire which Is connected 
to a feed wire outside of a build- 
ing, and brings the supply inside, 
drum The laminated Iron cylinder 
or core of an armature for a gen- 
erator or motor. 
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fliT batteiTi A number of dry cells 
connected together In eerlee or 
parallel to obtain more voltage or 
amperage, respectively, 
dry velli A primary source of elec- 
tric current consisting of three 
elements; a sine cylinder, a paste 
electrolyte and a carbon rod or 
electrode. The zinc cylinder la 
tilled with the electrolyte and the 
carbon electrode la placed in the 
center but not touching the zinc: 
the top of the cell la sealed with a 
wax compound. The chemical ac- 
tion of the electrolyte on the zinc 
seta up an electric current when 
the cell Is connected to a current- 
conBiimlng device, as a bell. The 
carbon electrode la the positive 
and the zinc is the negative, 
dry Mtoragei Method of keeping a 
Mtorage bfittery, wlieii not in use, 
liy removing tile electrolyte, 
dusl ignltloni Ignition svstem for 
:in Internal combustion engine 
which may obtain current from 
cither a battery or a magneto as 
desired. 

diinl magnetoi Ignition magneto 
which has its armature wound so 
that It can deliver both its own 
current and that of a battery to 
tlie distributor. 

dueti fa) A space In an yndorgronnd 
conduit to liold a cable or conduc* 
tor. (b) A ventilating passage 
for cooling an electrical machine, 
diiel-footi Unit expressing the total 
length of all the cablcw’uys In 
one lineal foot of an underground 
conduit. Thus, a 6-duct conduit, 
one foot long, contains 6 duct feet 
duo-lateral collsi Form of honey- 
comb inductance colls used in 
radio, which are designed to re- 
duce the distributed capacity, 
duplex cablet Cable consisting of 
two wires insulated from each 
other and having a common In- 
sulatlbn covering both, 
duplex IgnItloBi Ignition system 
capable of sending both the bat- 
tery and the magneto current into 
the Induction coil at the same 
time. 

duplex telegraphy! Telegraph cir- 
cuit permitting the transmission 
of two messages in opposite direc- 
tions at the same time over a 
single wire. 


duplex wludlugt Two separate wind- 
ings on the same armature or coll, 
duplex wirei Same as duplex cable, 
dynamic bruklagi Method of stop- 
ping a motor quickly without the 
aid of a meclinnical brake. On 
d.c. a resistor connected across the 
armature stores the electrical en- 
ergy produced by the motor which 
acta IIS a generator when the lino 
circuit is broken. On polyphase 
a.c. motors this method of braking 
is obtained by energizing ono 
phase winding with direct cur- 
rent. 

dynamic eleetrteltyi Klectricity In 
motion iiH diatlnguiahed from 
static I'lectrlclty. 

dyiiamoi A synonvm for generator; 
fornierlv uppll(‘d to both motor 
and generator, .'illhoiigh modern 
use tends to confine Its meaning 
to d e. generators. 

d> naiiiiiineteri Merhiinlcal or elec- 
trical dr vice for ineasurlng the 
toniue of a m.'ichine In order to 
determine its power output, 
dynomiifurt Kleclrlcal m.nehinc which 
acts IIS both motor and generator, 
riinniiig on and producing either 
direct or alteniating current. It 
lui.s one field iind two ne|inratc nr- 
iii.iliireH nr u double-wound arma- 
ture. 

dyne; I’lilf of lorce. Power or force 
reiiiilred to cause nn acceleration 
of r>ne centimeter per second to a 
mass of one gram. 

E 

R: Fviribol for volts. 

KIlHi Abbreviation for "extra best 
best" Iron wire iineil for telephone 
and tidegiapblr purposes. 

R.r.AM.i Trade name for electric- 
control equipment, lifting mag- 
nets, etc. 

K.II.I*.i Abbreviation for electrical 
horsepower. 

Abbreviation for electromo- 
tlvo force. 

E.P.C.I Abbreviation for Rlectric 
Power Club. 

curt Device for supporting a trolley 
line; a bronze casting grooved to 
receive the trolley and having lips 
which are clinched around it, The 
ear is supported on a trolley 
hanger. 
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eartki Synonym of “ground/* mean- 
ing the grounded etde of an elec- 
trical circuit or machine, 
earth enrreati Current paaalng 
through the ground. 
eboBitcf Substance consisting of 
black hard rubber and sulphur. It 
Is hard and brittle, has high In- 
sulating qualities, and possesses 
Inductive qualities to a high de- 
gree. 

eeoBomlaeri Device used on boilers 
to absorb the heat that has passed 
the flues and would be wasted out 
of the stack: used to preheat 
boiler feed water. 

eddy-CBrreBt losai Loss of energy of 
an electrical machine which Is 
caused by eddy currents, 
eddy enneBtsi Currents In arma- 
tures, pole pieces, and magnetic 
cores. Induced by changing elec- 
tromotive force. It la wasted en- 
ergy and creates heat. 

Rdlson battery I Storage battery hav- 
ing plates made of nickel perox- 
ide and iron, and using potassium 
hydrate and water for an electro- 
lyte. 

KdlsoB dlstrlbutlBg boxi Box used In 
three-way distribution systems. 
KdlsoB-LalBBde eellt Primary elec- 
tric cell having electrodes made of 
copper oxide and sine and using a 
caiistlo soda solution as an elec- 
trolyte. 

sRdlnwBB** or bayoBet socket i Lamp 
socket having a bayonet base, 
which Is popular on automobile- 
lighting systems, and Is used for 
house lighting In England. 
MEdlswaa** coanectort Plug connec- 
tor having a base similar to that 
of an "Ed Is wan” socket, 
effective eurrcBti Value of a current 
as shown on a steady-reading am- 
meter. 

effective eleetroniotlve force i Differ- 
ence between the Impressed and 
the counter e.m.f. 

effective rcalstaBcei All electrical 
and Inductive losses of a current 
cflieleBcyi The ratio of the amount 
of power or work obtained from a 
machine and the amount of power 
used to operate It 
eJestaBcei Inability or opposition to 
retaining an electrostatic charge. 
Opposite to capacity. 
elBstlvltyi Speclllc elastance of a 
substance. 


elbowi Hollow fixture for connect- 
ing two lengths of conduit at an 
angle, usually fitted with a re- 
movable cap to facilitate drawing 
the wires through one conduit and 
then Inserting them In the other 
one. 

Eleclraglsti Term used by the Na- 
tional Association of Electrical 
Contractors and Dealers, now the 
Association of Electraglsts, to de- 
note a person conducting an elec- 
trical-contracting business, 
eleetrle or eleetrirali Pertaining to 
electricity. 

eleetrle elreniti Path through which 
an electric current flows, 
eleetrle brrese or wiBdi Emission of 
negative electricity from a sharp 
point of a conductor carrying a 
high potential. 

eleetrle enadlei Small electric arc 
lamp. 

electric cbargei Quantity of elec- 
tricity on a conductor, 
eleetrle eeli An cel found In South 
American waters which Is capable 
of giving off painful and danger- 
ous shocks of high potential, es- 
timated equal to the combined 
charge of 16 Leyden Jars, each 
having 1 2/3 square feet of tinfoil 
coating. 

eleetrle CBergyi Power of electricity 
to perforid work, mechanically or 
In the production of heat and 
light. 

eleetrle farBseei Furnace using elec- 
trlclty to produce heat, 
eleetrle glowi electrostatic dis- 
charge causing a violet light 
around conductors carrying high 
potentials, occurring Just before 
the emission of a spark or a 
steady brush discharge, 
eleetrle beaten Heater consisting of 
resistance wire which becomes hot 
as the current flows through IL 
eleetrle horsepoweri I'he equivalent 
of one horsepower In electrical 
energy, which is 746 watta 
dectrle poteatlali Pressure or volt- 
age of electricity. 

eleetrle power plaBti Installation 
consisting of a prime mover driv- 
ing a generator to produce elec- 
tricity. 

eleetrle epectrans* The component 
colors of an electric arc separated 
by means of a glass prism. 


600 



dcdrle «bHb 


19 


»lMtvo«acmctle brake 


eleetrle aaltai Standards of measure 
ment of electrical properties: for 
Instance, ampere, volt, ohm, farad, 
henry, etc. 

clcetrle wavet Theoretical form of 
movement of an electric current 
transmitted through air. 

clcetrle wcldlagi Process of welding 
with the use of an electric arc or 
with heat generated by current 
flowing through the resistance of 
the work to be welded. 

eleetrleal codcai Rules and regula- 
tions for the Installation and op- 
eration of electrical devices and 
currenta 

electrical acrieni A list of substances 
which, when two arc rubbed to- 
gether, will produce an electro- 
static charge, as silk and hard 
rubber. 

electrical shecti Steel or Iron sheets 
from which laminations for elec- 
trical machines are punched. 

Klectrlcfani Person working nr ex- 
perimenting with electrical de- 
vices. 

clectrlcltyi Invisible energy capable 
of moving 18fi.000 miles per sec- 
ond. Electricity Is really not cap- 
able of being defined exactly, with 
present knowledge. 

elcctrlflca'tloBi (a) Providing means 
to operate devices with electricity, 
(b) To impose a static charge. 

Electrochemical I Pertaining to the 
Interaction of certain chemicals 
and electricity, the production of 
electricity by chemical changes, 
the effect of electricity upon 
chemicals, etc. 

elcctroehemlstiTt Science of electro- 
chemical Interaction. 

clcctrodyaamlei Pertaining to elec- 
tricity in action. 

eleetrodyaamomctcri Device for 
measuring the strength of an elec- 
tric current by Its attraction or 
repulsion to conductors carrying 
current. 

eicctroentai (a) To execute a crimi- 
nal by electricity, (b) Persons 
accidentally killed by electricity 
are said to be electrocuted. 

eleetrodei Either terminal of an eldc- 
trlc source, particularly an elec- 
tric celL Also applied to the ter- 
minals of electrical apparatus ap- 
plied to the human body In the 
treatment of disease. 


eleetvoklaellei Pertaining to elee- 
. trlclty in action. 

eleetfolleri Hanging electric fixture 
holding lamps which can be lighted 
separately or all at once, 
eleefrallcr switch I Switch which con- 
trols the lamps of an electrolier, 
eleetmlyulai Chemical decomposition 
caused by an electric current, 
eleetrolytei Chemical solution used 
In an electrical device which passes 
an electric current, 
eleetrolytici Pertaining to electro- 
lysis. 

eleetralytle coadeaarri Condenser 
using an electrolyte as a dielectric, 
clcetndytle dreompoaltloai Separa- 
tion of the elements In an electro- 
lyte. 

eleetfolytlegeBeratori Oenerator for 
charging storage batteries, 
electrolytic laterrapteri Device tor 
rapidly Interrupting or breaking 
up a direct current Into pulsations, 
insisting of a cathode, generally 
a lead piste. Immersed In a dilute 
solution of sulphuric acid, and an 
anode, which la a small platinum 
wire projecting Into the electro- 
lyte from a porcelain tube. Often 
called a Wehnelt Interrupter after 
the Inventor. 

cleetcolytle llghtalag arrestor i 

Lightning arrestor consisting of 
an electrolyte, which covers two 
electrodes immersed in It with a 
Him. This breaks down under a 
lightning discharge, 
cleetrolytle recUBeri Device for 
changing an alternating current 
to a direct current by passing It 
through an electrolyte In which 
electrodes are Immersed. The de- 
vice acts as a “valve" to allow 
current to pass In one direction 
only. 

clectromogaeti Soft Iron core hav- 
ing a coll wound around it through 
which an electric current is passed. 
The core Is magnetised while the 
current flows, but Is demagnetised 
when the current stops, 
ilcctromogaetle attraetloai Attrac- 
tion between opposite poles of an 
electromagnet 

cleetroaMigBetle brakei Brake ueed 
on ear wheels and operated by 
electromagnets. 
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cleetroaiaKBetlc field t Space around 
a conductor or Inntrument, tra- 
versed by the electromaimetlc 
waves set up by current In the 
conductor. 

clectromaKnetle Induetloai Electric 
current Hot up In a conductor cut- 
ting the field of flux of an electro- 
magnet. 

cleelromaanetic repulMlom Ropulfllon 
botwceii like polos of iin electro- 
maanot. 

elrcIroBiaaneflo iialti Tnlt or stand- 
ard of meaHurement of electro- 
manmetlc cffoctH. 

riertromaini *tlc i Ibrntori Mechani- 
cal Intorrupler operated by an 
electromagnet. 

elretromnanrt Ic wnv e i Form of elec- 
troffiiifcru-tlc onei'iTy radiated from 
a rotidiirtur and theoretically as- 
Hiinilnfc the form of a wave. The 
rate of travel of those waves is 
appruxlinaioly 1S6,00U miles per 
BOCOIld. 

•Irolromaanetlsmt Science dealing 
with elect rlcltv and maftnetlstn 
and their Intel uotlon. 

elertrometnllurK? i lhain Ii of motal- 
lurfty doaliiiK with the use of elec- 
tric currents either for electro- 
lytic Ropnralion and deposition of 
metals from soIutloMH. or with the 
utilisation of electricity for sinelt- 
liiK, rvflnlnfT. wcldiiiK. anneallnR, 
etc. 

eleetromctcrt Device for measuring 
small voltages. 

electromotive foreei Electrical pres- 
sure or voltage which forces an 
vleutrlc current through a circuit. 

eleetroat Electrical particle, of nega- 
tive polarity. 

electron theory i Theory that all mat- 
ter consists of atoms which In 
turn comprise a positive nucleus 
and a number of negative elec- 
trons, which may be det.ichcd from 
the atom under certain conditions, 
leaving it positively charged. 

eleetro-negntivci Having a negative 
polarity. 

eleetropathyi Science dealing with 
the use of electricity for medical 
purposes. 

eleetrophoronsi Device consisting of 
a disc of ebonite or similar sub- 
stance, a metal plate and an Insu- 
lator, used to pfoduce an electric 
charge by Induction. 


eleetroplami Science dealing with the 
stimulation of vegetable growth 
by means of electricity, 
eleetropletlngi Process of covering 
a metal article with a metal de- 
posit taken from an electrode and 
conveyed by an electrolyte In 
which the article is submerged. 
elcetro-poNitIvei Having a positive 
electrical polarity, 
eleptru-reeeptive drvirei Device that 
receives electricity for Its opera- 
tion. 

eleetroscopei Device that Indicates 
the presence of a very small 
charge of electricity. It consists 
of a glass bottle having an elec- 
trode, which holds two strips of 
light foil. These attract or repel 
each other, depending upon the 
nature of the charge. 
eleetroNlatlri Pertaining to static 
electricity, or electricity at rest. 
elertroNtatlc eapaelt^i Capacity to 
bold an electric charge, which Is 
measured In farads and micro- 
farads. 

elrrtrostatlr flrldt Range around con- 
ductors. electrical machines and 
Instruments whore electrostatic 
effects lake place. 

•leetroHfafle galvaBometeri Galvano- 
meter operated by the effect of 
tw'o electric charges on each other, 
electruitatlp maehlaei Deviue which 
produces high-potcntinl charges 
of static electricity by means o. 
friction. 

eleetrotherapeiiticat Science dealing 
with the use of electric currents 
for curing diseases, 
cicetrotherniali Pertaining to the 
heating effect of electric currents, 
and to electric currents produced 
by heat, as in thermo-couple, 
•leetrotypci Metal plate used for 
printing. It Is made by depositing 
metal on a form by means of elec- 
troplating. 

clcmeati (a) One of the parts to 
which all matter can be reduced. 

(b) One of the parts constituting 
a device, as a radio-tube element 

(c) The resistor of an electrical 
heating device. 

elevator cable i Flexible cable con- 
veying electricity to an elevator. 
Also one of the cables supporting 
an elevator. 
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MElezM**! Trade name for certain 
standardized Interchanrreiible 
ture receptacles and plugs, 
enlaalvltyi Itate at which particles 
of electricity or heat are radiated 
from an object. 

empire cloth x Cotton or linen cloth 
cnatcil With linseed oil, and used 
as an liiRUlator. 

enameled wlrei W'ire having a coat- 
iTifr or enamel baked on. which 
serves as insulatlun. 
enrlooed fiiNei Fuse Inside of a Rlass 
tube to prevent Iffnltlon of ftas or 
•lust. 

end eelli One of a number of cells 
at the enil of a sloraiire batterv, 
wlilt’li can be cut In nr out of the 
eln'Ult to reffulate the voltafre. 
end piny I Distance of movement of 
a shaft In line with Its b'liKth. 
end thriiMti Thrust e\«*rted In line 
with the lenffth of a sliaft. 
KiidoMnixxHiHt The flow of n thin llnnid 
to a denser Honld through a per- 
meable partition. l*oe “osmosis.'* 
eneralse: To put ener»;y Into; e R., 
maRnetlzhiR an Iron core of an 
eleetroinaKiict by passlnic a cur- 
rent throuRh the coll, 
eneriryi Capacity for pcrformlnsT 
work. 

entmnra nwllehi Switch to which 
tho wires entering a* hulldlng are 
connected. 

equaliser: Connection between gen- 
erators in painllel to equalize 
their voltage and current. 
equallsIuK charge: Slight overcharge 
on a storage battery to raise the 
reading of the eolls having the 
lowest specific gravity, 
equator of nagneti Position half- 
way between tho opposite poles of 
a magnet. 

eqnipotrntlali Having the same po- 
tential. , 

equilibrium I State of rest or bal- 
anetf between two opposite forces, 
produced by their counter-action, 
ether: Hypothetical element filling 
space to permit the passage of 
heat, light, electricity, gravity, 
etc., between solar bodies. 
ETupomtori Heating device for 
evaporating water, 
ezeltei To send a current through 
tho field windings of a generator 
to set up a magnetic flux. 


eaelteri Small battery of generator 
furnishing current for the field 
windings of a large generator. 

exciting current: Current wh^ch 
passes through the field windings 
of a generator. 

extension I I.engtli of cable or lamp- 
cord fitted with a plug and a 
socket to extend a lamp or other 
electric devli-o further than the 
original point. 

exploring rvlli Pevlce used for the 
detection of faults In underground 
cables. It consists of a coll and 
telephone rerelvi*r or bead set, a 
current being liidiit‘ud In the coll 
at the point uf leakage and c:xus- 
ing n noise In the receiver, (b) 
Coll used to locate iindergrhuiid 
nietuls. * 

**Eztra nest Heat** Iron wlrri Trade 
name for the hifrhest grade iron 
telegraph :ttid tcIc|>lion« wire. Ab- 
breviation EBB. 

exirrnal elrculti A circuit entirely 
outside of the source of supply. 


Fi Abbreviation for frequency. 

Fahrlkold: Tradq name for a sub- 
stitute for leather. 

fnrtori Any one of the elements that 
contribute to produce a result. 

factor of safetyi Multiplier used In 
machine and structure design, 
designating tho overload or safety 
capacity. E.g., a pressure vessel 
designed to withstand a pressure 
of 10 pounds per square Inch may 
actually withstand SO pounds per 
square inch, and tho factor of 
safety Is 6. 

indingi Temporary diminution of 
signal strength In radio reception, 
due to atmospheric conditions. 

Fabrenhclti A thermometer scale so 
graduated that tho freezing point 
of water Is 32* and Its boiling 
point Is ZU". 

fall of pvtextlali Drop In voltage 
between two points of an electric 
circuit 

line reslataneei Resistance of coun- 
ter o.m.f. 

'on Motoxi Motor operating a fan. 
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teed rcalataM* 


tandi Unit Cor measuring electrical 
capacity. It la the capacity of a 
condenser which will give a pres- 
sure of one volt when a one- 
ampere current flows Into It for 
one second. 

fam-llahf fair seaeratori Small, 
ffasullne-drlvcn gencratoT, produc- 
ing current for farm light and 
power; usually a 32-volt and 2 or 
3 kilowatt unit. 

fathoini Nautical meaHure of length, 
equal to 6 feet. This unit Is used 
to mensure cables. 

faulti Trouble in an electrical cir- 
cuit. 

fault finderi A reslstanco bridge for 
locating faults In telephone and 
telephone circuits. 

fault reulalaneei Resistance caused 
by a fault. 

Funrf platei Storage-battery |i1ate 
consisting of a lead grid fl.led 
with pnste. 

feederi Line supplying all the branch 
circuits with the main supply of 
current. 

feeder bust Rox Into which the feeder 
Is run for connection to a branch 
circuit. 

frnderi Device attached to street 
cars and other vehicles to pick up 
or brush aside obstacles. 

ferro-nianganrNei Containing Iron 
nnd miinganese. 

frrro-nickeli Containing Iron and 
nickel. 

flbrei A hard, tough Insulating sub- 
Btanro. 

flbrr rlrntsi Cleata made of flbre. 
used for holding conductors on 
flat surfaces. 

flbrr rondulti Insulating tubing 
tnado of moulded flbre. 

Arid I Space occupied by the flux of 
a magnet. 

fleld roll I Coil or winding around 
the flelii magnets of a generator 
or motor. 

Arid dlsrhargr rrslutaum A resist- 
ance cull connected across the field 
winding of a generator permitting 
the winding to be discharged 
without a dangerous rise in volt- 
age when the fleld clrsult la 
opened by a switch. It la uaually 
connected to a special d.p.d.t. knife 
switch having an auxllllary blade 
which connects the resistance Just 
before the current to the winding 
la cut off. 


fleld dletortloBi Variation of mag- 
netic flux from the straight path 
between opposite poles In a gen- 
erator, which Is caused by arma- 
ture reaction. 

Add flnxi Space occupied by the 
lines of force of a generator fleld. 

fleld lateaeltyi Density of the fleld 
flux of a generator. 

fleld magacti The Iron parte of a 
generator frame through which 
the flux of the coils concentrates. 

fleld rheoatati A variable resistance 
device connected in the fleld cir- 
cuit to control the voltage of a 
generator and the speed of a 
motor. 

fleld wladlagi Coll on a fleld pole of 
a generator. 

fllameati Small wire In a lamp, 
which becomes white hot when 
electric current le passed through 
It. 

film cutottti Insulating film between 
tho two opposite wires Inside of a 
lamp. The fllm burns out when 
the filament breaks and this per- 
mits the two wires to make con- 
tact. which provides a path for 
the current so that It can flow to 
other lamps, connected In series. 
These will not light unless the 
current passes through tho defec- 
tive lamp. 

fliterai Devices having Inductance 
and capacity, and designed to sup- 
press certain electrical frequen- 
cies. 

flrc-alarm systemsi Apparatus which 
gives alarm In case of fire. Some 
of these systems ''onsist of elec- 
trical circuits wliieh, when closed 
automatically or otherwise, sound 
tho alarm. 

Are cxflDgutoheri Devices using a 
liquid or powder to extinguish Are. 
They are used In power houses 
where there Is danger of burning 
Insulation on cablef. Fire extin- 
guishers used for this purpose 
must contain non-conducting 
liquids such as carbon letra- 
chlorld. 

flab papcvi Strong paper used Cor 
ineulatlon. 

flab wirei Flat, narrow, flexible, 
steel wire which Is used to pull 
conductors through lengths of 
conduit. 

Axed xealotaacei Kon-Adjustable re- 
sistance. 
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■ztoTei Device for holding electric 
lampe, which la wired Inside and 
ia securely attached to the wall or 
celling.* 

flxtvve wire I Inauluted, stranded 
wire used for wiring fixtures, 
flamlag arei Arc which gives differ- 
ent colors due to Impregnating 
the carbons with various salts and 
minerals. 

flamlag of arei A flame bridging the 
gap between two carbons, Instead 
of a steady arc, caused by the car- 
bons being too far apart, 
flaahert Automatic or motor-driven 
switch or series of switches for 
lighting electric signs Intermit- 
tently. 

flsshlag oven Passage of sparks 
from commutator segments travel- 
ing away from the brush, to the 
edge of the brush, which Is then 
touching a segment adjacent to 
the one from which the spark 
originates. 

flsshllghti (a) Small, portable, elec, 
trie light operated on niio or more 
dry colls, (b) Trade name for an 
electric alarm clock. 
gat<*compoiind geocraton Compound- 
wound generator luavlng windings 
which give n constant voltage un- 
der different loads and speeds, 
FlemlBg*sTulesi TluleS for finding the 
direction of a conductor's mo- 
tion through a magnetic field, the 
direction of the lines of force, and 
the direction of current flow 
through a mnductor, applicable to 
direct current. Rule for Genera- 
tors: Hold the thumb, the Index 
finger, and the middle Anger of 
the right hand no that they are at 
right angles to each other. The 
thumb will then point In the direc- 
tion of the motion of the conduc- 
tor, the Index finger will point In 
the direction^ of the linos of force, 
and the middle finger will point in 
the Alrectlon of the current 
through the conductor. Rule for 
Motors: Hold the thumb, the Index 
finger, and the middle finger of 
the left hand at right angles to 
each other. The thumb will then 
point In the direction of the mo-> 
tion of the conductor, the Index 
finger will point In the direction 
of the lines of force, and the 
middle Anger will point In the di- 


rection of current through the 
conductor. 

flexible enblet Cable constetlng of 
Insulated, stranded or woven con- 
ductors. 

flexible eondnifi Non-rlgld conduit 
made of fabric or metal strip 
wound spirally. 

flexible eordt Insulated conductor 
cnnslatlng of stranded wire, 
floating batteryi Storage battery 
connected In parallel with a gen* 
era tor ami the lunil, so that the 
battery will conaume the surplus 
current from the generator If the 
load Is small, and will supply ad- 
ditional current if tlm load exceeda 
the output of the generator, 
gtmd llgbtNi Rattery of lamps of 
high brIIIlancv# ei|Ulpped w’llh re- 
flectora to supply a strong light, 
flowi Passage of a current through 
a conductor. 

fluetnating enrrentt Current which 
(‘hanges In vnitngc and amperiigc 
at Irregular Intervals, 
gush receptacle. Type of lump 
socket, the top of which Is flush 
with the wall Into which the 
s«»cket Is ri'cessed. 
flush switch: Push-button or key 
switch, the top of which Is flush 
with the wall Into which It is rs- 
cessed. 

flax: Magnutiu lines of force exist- 
ing between two opposite mag- 
netic poles. 

flux density: Number of linos of 

force In a given cross-sectional 
area, which is measured In 
gausses. 

focos: The point where rays of 
light, heat, sound, etc., meet after 
being reflected or refracted, 
fool candle: See “candle foot’* 
foot-ponadi Unit for measuring 
work. It Is the energy required to 
raise a weight of one pound 
through a distance of one foot, 
force: Rnergy exerted between two 
or more bodies which tends to 
change their relative shape or 
position. 

foras faefort Ratio of effective value 
of one half of a cycle of an alter- ^ 
natlng current to the average 
value of similar half cycles, 
fonaersi Forms used for producing 
a number of windings of the same 
shape. 
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form-wonnd coIImi Colla or wlndlnRS 
built up on formera beforo they 
aro placed In their proper poal- 
tion on armaturca, field poles, etc. 
formluK battery plateat Paftalni; an 
alternating current through a 
Mturagf' battery to deposit per- 
oxide or lead and spongy lend on 
the plates, which makes them ac- 
tive. 

■•'oKeniilt eiirrentni Same as Kddy 
currents. 

four-iiolei (a) Having four poles, aa 
in a generator, (h) Having four 
contnetN, as in a four-pole awiteh. 
four-way mwl^ohi Switch that con- 
trols the current in four ronduo- 
tors hv making or breaking four 
Hepurnto contacts. 

four-wire, three-phase ssstemi Dis- 
tribution system liaving a .t-rbaRe 
Mfiir eonnoctlon. one lead 1 h ng 
taken from the end of each wiod- 
ing nnd the fourth from the point 
where they are all connected to- 
gether. 

fiaetlonal pitch: Term iiHed when 
the number of slots between the 
Hides Ilf an arttintiire coll is not 
equal to the niinihcr of slots of 
each polo. 

franchlMei 1'eriiilt from munlcipnl, 
state, or nntionnl government to 
use public property, such as 
slreets. for special purposes, as 
the tnstullatloii of street -car lines. 
freiiiicneM Numiicr of rvclea or vl- 
tiratiniiH per second, 
freiiiieney changer: Motor-generator 
driven by nn alternating riirrent 
of one frequency and delivering 
current of another frequency, 
frcqiieiiey c«(nvcrtor: Samp as “fre- 
•pieiicy changer” 

frequency Indlcntur: Device shoxving 
when two altornatliig currents are 
In phase or have the snmo fre- 
quency. 

frequency meter: Device nhowing 
the frequency of nn alternating 
current. 

Met Ion tape I Tape coated with black 
adhesive compound, used as Insu- 
lation on. wire Joints, etc. 
frog: Fixture for street-cai tracks 
or trolleys where one track or 
trolley branches off, permitting 
the car to be run from ono track 
onto another. 

fnll pitch: Term used when the num- 
ber of slots between the sides of 


an armature coll Is equal to the 
number of slots of each pole, 
fuller celli Primary electric cell 
having two electrolytes: sulphuric 
acid and water, and a bichromate 
solution. Theso are separated by 
a porous cup. A cone-shaped sine 
electrode Is Immersed In the cup, 
which also contains the sulphuric- 
acid aoIutFon and an ounce of 
mercurv, and a carbon electrode Is 
Immersed In tho bichromate solu- 
tion. 

fundamental units i Basic standards 
of mcasiirciiicnt. 

fuse: Safety dvx ice to prevent over- 
loading a current. It consists of 
a short length of conducting metal 
which melts at a certain boat and 
thereby breaks tlie circuit, 
fuse block: Insulated block designed 
to hold fuses. 

fnne clip: Spring holder for a cart- 
ridge- type fuse. 

fiBNe cutoni: Fuse which, when 
melted, cuts out the circuit, 
fuse link: An oi>cn fuse, or a length 
of fu.«i- wire for relltllng fuses, 
fuse plug: P'use rnoiiiitcd In a screw 
plug, which is screwed In the fuse 
block like a lamp in :t socket, 
tunc strip: .V le*igtli of ribbon fuse 
ns distinguished from wire fuse. 
fuNc wim )Virc made of an alloy 
which melts at a comparatively 
low tcmpciatiire. 


Oi (a) AbbrcviolH. for gram, (b) 
Symbi I for mho, the unit of con- 
ductix tty. 

gngr: Device inr measuring, 
gnlx-nnlsedi (a) .MTei ted by galvanic 
action. (Ii) Metal coated with 
sine. 

galvanometer: Device for measur- 
ing small currents and voltages, 
gang Bwiteh: Two or more sf/ltchea 
Installed in one box or one holder, 
gnn-filledi Filled with a gas as, for 
Instance, an ordinary electric 
lamp. 

gnnollne-electrlei Pertaining to a 
machine consisting of a gasoline 
engine, a generator driven by the 
engine, and one or more motors to 
produce electric power, 
gauge I Same aa “gage.” 
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Ga«Mi Unit of flux density equal to 
one maxwell per square centi- 
meter. 

9mmam kiwaki Generator or motor 
bruBb made of copper game. 

OeMer tabei Gae-fllled tubes, with 
or without fluorescent liquids, 
solids, or both, which emit light 
of various colors when a high- 
frequency current Is passed 
through them. 

geMlae buttevyt Battery having a 
Jelly-like electrolyte. 

genentori Machine that produces 
electricity. 

generator bnsbari Conductors on 
power switchboards to which a 
generator la coiinecied. 

generator losai ntgcrcnco between 
power required to drive a genera- 
tor and the power it delivers, 
which is always less tlian the 
power Input. 

generator oatpnti Power delivered 
by a generator, mcasurod In watts 
or kilowatts. 

geographical equator i Imaginary 
line around the earth halfway be- 
tween the poles. 

german sllveri Alloy containing cop- 
per, nickel, and sine, M'hicli Is used 
for making resistance wire. 

gilbert I Unit for meusurlng mag- 
netic force. One gilbert Is the 
magnetic force which serds one 
maxwell of flux through a mag- 
netic circuit having u reluctance 
of one oersted. 

glasci Smooth flnlsh applied to por- 
celain Insulators to close the 
pores In order to prevent the ab- 
sorption of moisture. 

gramme armatarei A ring type of 
armature. 

graphltei A form of soft carbon. 

gsavlty eelli Primary electric cell 
having two electrolytes, copper 
sulphate, and sulphurlc-acld solu- 
tlcms, which are separated by 
gravity. The electrodes are sine 
and copper. 

gmv M y diapi A shutter or plate of 
an anngnetator which, when re- 
leased from a catch, drops by 
gravity. 

OaseageM aaadaeteei Flexible cable 
having a spirally wound metal 
covering. 


Oreart eelli Primary electrle celt of 
which the electrolyte Is a solution 
of bichromate of potash In a mix- 
ture of sulphuric acid and water, 
and the electrodes are sine and 
carbon. The sine electrode la 
lifted out of the electrolyte when 
the cell Is not In uec. 
grid I (a) Frame of a storage-bat- 
tery plate having spaces In which 
the paste la prvsut'd. (b) An cle- 
ment of a vacuum tube which cen- 
trols the rate of electron emission 
from the filament to the grid, 
grid roadraHeri Small Axed con- 
denser inserted In the line cim- 
nectlng with the grid of a varuuin 
tube used as a iletector. 
grid Iraki Itcsistaiice shiiiited across 
a grid cundenber In a radio circhit 
to allow dissipation of an exces- 
sive charge on the grid, 
ground: See “earth." 
ground elreulli J^rt of an electric 
circuit In whti'h the groiihd serves 
HK n. path fur tlic current, 
ground cinmpi Clump on a pipe or 
other metal conductor connected 
to t)ie ground for attaching n con- 
ductor of an electrical circuit, 
ground deteelori Device uscil In a 
power station to Indicate whether 
part of the circuit la accidentally 
grounded. 

ground Indicator: Same as “ground 
detector," 

gro:ind pintei Metal plate burled in 
moist earth to make a good ground 
contact for an electrical circuit, 
ground return: Ground used as one 
conductor of an electrical circuit, 
ground wire: Conductor connecting 
an electrical device 'or circuit to 
the ground. 

grounded ncntrnl wire: The neutral 
wire of a 8-way distribution sys- 
tem which Is connected to the 
ground. 

grounded prluMUryi Primary circuit 
of an induction coll or trans- 
former connected to the ground, 
gronading bmnhi Brush for making 
g ground connection to a moving 
part. 

Gawvn culli Primary electric cell 
which is similar to a Bunsen cell 
but has a platinum electrode In- 
ateod of a carbon electrode. 
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isrowleri Coll around an Iron core 
which la placed In contact with 
the core of an armature. When 
an alternatInK current or a pul- 
Bating direct currenC la passed 
through the growler coll, It mag- 
netizes the core, which In turn 
Induces a current In the armature 
winding. The purpose Is to show 
whether a short circuit ex!<its In 
the armature cnll, 

gntta perckai Hardened anp of a 
tropical tree which has high In- 
sulating quality and great resist- 
ance to destructive agencies such 
as water. 

guyt A w'ire, rope, chain, or similar 
support for a strurti re such ns a 
telephone pole, radio mast, etc. 

H 

H.i An abbreviation or symbol lor 
Intensity of magnetism. 
h.p.i Horsepower. 

hand nds*an«*ei A device for control- 
ling the advance and retard of the 
sparks In the Ignition system, 
hand regnlatloat Controlling the 
current or voltage hy means of a 
hand operated device, 
hard drawa c«|i|iert A method of 
producing liigli-grade copper of 
good mechanical strength, 
hard fiber I A material made from a 
number of slieels of paper com- 
pressed tightly together. A good 
Insulator. 

hard ruhberi An electrical Insula- 
tion made by vulcanizing rubber, 
harmwalr eurrrnfst A series of cur- 
rents whl<,-li have rrequencios that 
are multiple of the maip current, 
brat eulli A small coll placed on a 
telephone circuit to protect It 
from stray currents, 
heat lossi The energy lost In a con- 
ductor due to Its resistance, 
heat ruBi A test made on a genera- 
tor or motor to determine the 
amount of heating that takes 
place. 

heating nalii That part of a heat- 
ing appliance through which the 
current passes and produo^a heat, 
head giiyi A cable or wire fastened 
near the top of a pole to hold it 
In place. 

head llgbti A light placed on the 
front end of a moving vehicle, 
hellat A coil of wire; a solenoid. 


henry I The electrical unit of In- 
ductance. 

Hertslan wavei A radio wave, 
high freqneacyt An alternating cur- 
rent that has many thousand cy- 
cles or alternations per second, 
high potential* A high pressure or 
voltage, usually about six hundred 
volts. 

high tenaloni A term used to refer 
to high voltage. 

high teiiMlaa luagaetoi A magneto 
used for Ignition work In which 
the high-voltage current la pro- 
duced In tl.e magneto generator 
without the use of a separate In- 
duction coll. 

holding magaeti An electromagnet 
used to hold metal objects while 
W'ork is being donti on thern. 

Holts iiiachlaei A static electricity 
machine. 

hulophanri An electrical lighting 
globe with special surface fur 
diffusing light. 

honiopolor generator* A generator 
having pules i>l one magnetic pn- 
Inrltv only. Instead of having 
altern.ite north and south pole. 
hook-Mwltehi A switch and book on 
a telephone which is operated by 
placing or removing the receiver 
from that hook. 

horlsontal eandle-po wer * The 

amount ot^ light giien off by a 
lamp iiioasuri>il In a horizontal 
direction from the light, 
horn gap* A gap which is narrow 
at the bottom and wrldens out to- 
wards the too. 

horsepoweri The unit of power or 
work. An ebscn cal horsepow'er 
la equal to Tif* watts, 
horsepower hour* The amount of 
power performed by i4C W'atts per 
one hour. 

horscahoe magnet i A magnet bent 
In the shape of the letter U, or 
horseshoe. 

hot conductor* A term used to refer 
to a conductor or wire which is 
carrying a current or voltage, 
hot-wire meter* A meter which ob- 
tains a reading by the expansion 
of the length of w'lre or metal 
through wlilch current flows, 
howler* A device used in a tele- 
phone exchange to cause a noise 
In the receiver to Indicate to the 
customer that the receiver has 
been left off the hook. 
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bnaiailBai A noivo caused by the 
rapid maffnetizins and demaffnet- 
Izlnff of the Iron core of a trana* 
former, motor, or irenerator. 
hUBlloici A condition In an electri- 
cal circuit where one machine 
tends to oscillate or run faster 
than another, and then run slower, 
hydraiillei Pertalnlnf; to water or 
iliilds in motion. 

hydroelectric I The production of 
electrlcily by water-power, 
hydrometeri An instriinicnt or de- 
vice which shows the aped Ac 
gravity of a liquid as compared to 
water. 

hyNtereNlas The tendency of roaa- 
nidlsm to late behind tho current 
tlmt produces it. 

hyMtereNls carpet A curve that 
shows the relation hctncca the 
in.iK'iiftizinfr curiont and the 
amount of mattnotisni produced 
by it. 

hyntereMlN losni Tlio hc.tt proiluced 
bv ri‘p.>.'itcdly inattnoti-iiii^ and de- 
m.'iKrictizlnff the iron ooie of a 
machine. 


1: An ahbreviatinn for uiiipcres of 
current. 

Illuminating KnijrlneerlnEr So- 
ciety. • 

l.h.p.i Indicated liorsejiower. 

I-beam: A steel be.'im made In the 
form of a capital 1. 

Idle colli A coil which docs not pro- 
duce any voltairc or thioiiifh 
which no current flows. 

Iicnltloni Tho iKnitinv of a Com- 
bustible charge in the cylmdei of 
a etas eneino. 

Iwaltloa battery: A battery used to 
furnish the iKHitlon current for 
an automobile enKlne. 

Ivnltlon coll I An Induction coll that 
produces a hlKh-voltuKC current 
which Jumps the aap in a spark- 
plUK and lignites tho charffe in 
an automobile eiiijiiio. 

■vnltlon distrllintori A d<‘Vlce that 
connects the proper spnrk-pluff to 
the high-tension current at the 
right time In an automobile en- 
gine. 

IgBitloa generator: A generator 
used to produce the ignition cur- 
rent for an automobile engine. 


IgBitloa nparki Tho spark that 
passes between the gaps of the 
spark-plug, inside an automobile 
cylinder. 

Ignition nwltcbi A switch that is 
used fur turning on and off the 
primary Ignition cull. 

IgBitlon timer: A device that closes 
and opens the primary circuit of 
an Induction coll at the proper In- 
stant, to produce a spark in a 
cy'linder of an automobile engine. 

lllomlnatlont The directing of light 
from its Rource to where It cun ho 
used to the best advantage. 

Impedanrei The apparent re8l.Mt- 
ance of a circuit to alternating 
current. It is composed of resist- 
ance and reactance. 

Impedance roll: A reactance nr 
clioke coil, used to llnill tlio flow 
of current. 

Impregnated cloth i A i‘oMoii cloth 
that lias been k.i turn led w;iii fii- 
RUlallng varnish and diie-l, 

ImprcHseil «oltnvri The vnltiige or 
pressure act lug upon any device, 

Impulsri A MJibie'i el arige, such an 
fin fn'Tease or <Iei leiisu in voltage 
or (inTciit. 

luennilcNecnt lamp: A lamp in which 
Iigiit is produced bv lliu beating 
of a small filament inside of a 
Klu»<s bulb 

Inrllned roll Instrumeofi A volt- 
meter or ammeter in wlileh the coil 
or moving vane, arc Inclined In re- 
lailon to the pointer. 

loronipletr rirrulli An open circuit. 

India rubber: A soft rubber used to 
iii.suliitu or Cover electrical con- 
dijitors and wires. 

Indicated horsepower: The horse- 
power detennliied by calculation 
taken from an indicator diagram. 

Indlentlng nwlteh: A switch that 
allows wiiethcr It is turned “ON" 
or "OKF.” 

Indirect lighting: Light that Is 
throvva against a celling having 
a light colored su place and re- 
dacted and diffused In the room 
being lighted. 

Induced current i Current that Is 
produced by Inductance from an- 
other circuit 

Indnerd e.m.f.i A voltage that Is 
produced by induction from an- 
other circuit. 
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tadaeed macBctlami UaRnetlsin that 
Ja produced by electric current or 
by the action of other magnetlam. 

Induced voltanei A voltage or pres- 
auro produced by Induction. 

Indnctaneei The ability of an elec- 
tric circuit to produce Induction 
within Itself. 

ladnetanec colli A coll connected in 
an electric circuit In order to In- 
creaae the resistance of that cir- 
cuit to alternating current. 

IndDCtloni The Influence exerted by 
a magnet or magnetic field upon 
conductora. 

Indnetlon colli A coil used to pro- 
duce a high-voltage. It consists 
of two windings placed on an Iron 
core. The voltage la produced by 
stopping quickly the How of cur- 
rent In the coll. 

Induction fumocri An electric fu;- 
nace In which tho metal forms a 
recondary circuit of the trans- 
former and Is heated by current 
rowing through the metal. 

Induction generator i An Induction 
motor, operated about synchro- 
nous speed, which produces an 
electric current 

Indnetlon meleri A meter used on 
alternating current In which ro- 
tation of a disk Is caused by the 
magnetic lines of force produced 
by a current and a voltage coll 
paeslng through the disk. 

Induction motor! An alternating- 
current motor wlilch le operated 
by Induced magnetism from tho 
winding placed on the stator. It 
docs not operate at synchronous 
speed. 

Induction rcgnlntori A transformer 
In which the voltage produced In 
a secondary winding la varied by 
the changing of position of the 
primary winding. 

indnetivo loadi The load connected 
to an alternating-current eyetem 
which caueee the current to lag 
behind tho voltage. 

Indnetivo icnctnneei The reactance 
produced by eelf>lnductance. 

Indnetivo resletancoi The apparent 
resistance that le caused by self- 
induction la a circuit. 

Indnctori That part of an armature 
winding which lies entirely on one 
side of the armature coll, and In 
which a voltage is produced. 


Industrial controllori A device or 
rheostat for controlling the speed 
of electric motors. 

Inertia I The tendency of a body to 
remain at rest or In motion at the 
same speed. 

Initial \oltagei The pressure at the 
Bt.*irt: as tlie voltage at the term- 
inal of a storage battery when it 
Is placed on change; that voltage 
which causes tho appearance of 
coron.i around an electric con- 
ductor. 

Inputi All of the power delivered to 
an electric device or motor. 

inside wlrlngi Tho wiring Inside of 
a residence or building. 

installatloni All of the electrical 
equipment or apparatus usid In a 
building including tho wiring. 

iBstrament trsnsformeri A trans- 
former used to change the voltage 
or current supplied to meters. 

Insulstei To place Insulation around 
conductors or conducting parts of 
a device or object. 

Insulatlnai The placing of insula- 
tion around electrical conductors. 

Insulating eomponnilt An insulating 
wax which is melted and poured 
around electrical conductors In 
order to Insulate them from other 
objects. 

Insnlatlng JoCnti A thread or cou- 
pling in which the two parts are 
Insulated from each other. 

Insulation vesistaneei The resistance 
offered bv an Insulating material 
to the fiow of electric current 
through it. 

Insnlatlng mmlshi A special pre- 
pared varnish which has good In- 
sulating property and Is used to 
cover the colls and windings on 
electric machines and improve the 
Insulation. 

tasnlntori A device used to Insulate 
electric conductors. ' 

latnkei A place where air or*water 
enters a machine, tunnel, or pipe. 

Integrating meteri A meter that 
keeps the record of the total 
amount of power, current, etc., 
that passes through It In a given 
time. 

Intensity I The Intensity of the cur- 
rent Is the number of amperes 
that flows through a conductor la 
a given time. 
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««lepfeoBei A 
telephone eyetem that connects up 
to the several ofllves In the enin 
building or plant without the use 
of a central operator. 

Interior wiringi Wiring placed on 
the Inside of buildings. 

intermittent enrrenti A current, 
that starts and stops its flow at 
regular Intervala 

Intermittent rntlngi When a ma- 
chine la operated for a short time 
only and allows a long period of 
rest. It has an Intermittent rating. 

Internal elrcntti The cireult formed 
liiMidu a device or niiirhlne. 

Internal reslstaneei The resistance 
of the winding of an electrical 
machine, or between lernilnala of 
a primary cell or a storage bat- 
tery. 

Internal short-elrenlti A short-cir- 
cuit occurring between the posi- 
tive and negative plates In a 
storage battery due to a defective 
separator. 

internal wiring! The wiring Inside 
of a device or a machine. 

Interpoleai Magnetic poles placed 
between the main poles of a mo- 
tor or generator. 

Interrnpteri A device that opens or 
closes a circuit many times per 
second. 

Interrupter contact i* The contact 
where a circuit la broken by an 
Interrupter. 

Interrupter gapi The greatest 
amount of distance or space be- 
tween the contacts of an Inter- 
rupter. 

Ins an A resistance wire composed 
of nickel and steel. 

Inverse ratloi A ratio where one 
value increases and the other 
value decreases. 

Inverted converter! A rotary or syn- 
chronous converter which changes 
direct cifTrent into alternating 
current. 

leaf The two minute parts Into 
which a molecule la divided when 
It Is separated Into its elements. 

12h local The power loss due to the 
current flos'lng through the con- 
ductor which has resistance. This 
loss la converted Into heat. 

Iron Inoai The hyatereala and eddy 
current losses In Iron cores of 
electric machinery. 


Ironelad arnuitnrei An armature In 
which the w'lndlnga are placed In 
Biota cut In the armature core. 

Ironclad magnet! A magnet which 
has an Iron core extending around 
the outside of the coll and 
through which the magnetism 
flows. 

Isolated plant! An electric light 
plant used to furnish power for a 
sm.'ill community or a few Arms, 
and the powiT of the plant la not 
sold to the public. 


j! Atibrc\ latlon for Joule. 

Jack! The terminal of two telephone 
llneH on a switchboard of u tele- 
phone e\ch:fnge. 

Joint! The uniting of two conduc- 
tors by means of solder. 

Joint reMiMtnnce! The combined or 
total resistance of two or more 
resIstaticeH coniicctetl In series or 
paralltd. 

Jonlc! A unit of elect rival work. A 
current of one ampere flowing 
through n resistance of one nlini 
fur Olio second. 

Joiirnnli That part of a shaft that 
turns or revolves In tlio bearings. 

Jump sparki A spark that passes 
between two terminals or across u 
gap. It Is produced by high volt- 
age. 

Jumper! A temporary connection 
mado around part of a cireult. 

Junetloa bos! A box In a street dla- 
trlbiitlon sysiem where one main 
la connected to another main; also 
a box where a circuit la connected 
to a moln. 


K 

K.! Abbreviation or symbol for di- 
electric constant. 
k.w.! Abbreviation for kilowatt. 
kanllB! A kind of clay uaed in mak- 
ing poreeiain insulators, 
keeper of BMgneti A bar of aoft- 
iron placed across the poles of a 
magnet when It Is not bslng used. 
Keyi A device for opening and clos- 
ing a circuit by moving a*lever. It 
Is used in telephone and telegraph 
apparatus. 
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key awltelii A switch for turning 
on and off clcctnc circuits which 
ar« operated by means of a spe- 
cial key. 

key Hoeketi A socket with a device 
that opens and closes the circuit, 
thus tiirnlnf? the lump off or on. 
keylces aoekrti A socket which does 
not have a key or device for turn- 
ing on or off the lamp, 
klcklnir colli A reactance or choke 
coll. 

klloi A prefix when placed before a 
word means 1000 times that In- 
dicated by the word, 
klloamperei One thousand amperes, 
kilovolt I One 'housand volts, 
kilowatt! One thouaund watts, 
kllowatt-honri One thousand watt- 
hiiurs. 

knife switch I A switch that has a 
thin blade that makes contact be- 
tween two fiat surfaces or short 
bl.ides to complete the circuit, 
knob Inanlotori A porcelain knob to 
which electric wires may be fas- 
tened. 

L 

1j.i An alilirevlatlon for lenRth. 

Ibki To drop bolilnd. 
loic of brusbesi The distance the 
brushes uro shifted on a motor or 
generator In order to prevent 
sparklne. 

laKKlair colli A small coil used In 
iilternatlnK watt -hour meter to 
compensate for the laifttlns cur- 
rent In the voltage coll. 

Inaalnir current i The lasslnjff of 
the current behind the voltage 
wave In an Inductive alternating- 
current system. • 

Innlnatcdi Iluilt up out of thin 
sheets or plates which are fas- 
tened together. 

laminated oorci A core built up of 
thin soft iron sheets placed side 
by side and faetened together, 
lamlnatlonei One of the plates used 
in building a laminated core, 
lamp I A device used to prodaco 
light. 

lamp bnnki A number of Incandes- 
cent lamps connected In series or 
In parallel and used as resist- 
ances. 

lamp kaooi The metal part of an in- 
candescent lamp which makes 
contact with tho socket. 


lamp bulb I A term used In referring 
to an Incandescent electric lamp. 

lamp circuit! A branch circuit sup- 
plying current to lamps only, and 
not to motors. 

lamp cordi Two flexible stranded in- 
sulated wires twisted together 
and used to carry the current 
from the outlet box to the lamp 
socket. 

lamp dimmer! An adjustable resist- 
ance connected In a lamp circuit 
in order to reduce the voltage and 
the brightness of the lamps. 

lamp socket! A receptacle Into 
which the base of the lamp Is In- 
serted. and which makes connec- 
tion from tho lamp to the circuit. 

lap wladlng: An armature winding 
ill which the leads from the coil 
to the commutator lap over each 
other. 

lap-wound armature! An armature 
that has a lap winding. 

lateral! A conduit that branches off 
to the Bide from the main conduit. 

Ia«ni A kind of stone that has insu- 
lating properties. 

lead (pronouBced IMli An acid re- 
sisting metal that is used in mak- 
ing parts for storage batteries. 

lead battery! A storage battery in 
which the plates are made from 
lead. 

lead buralag! The process of unit- 
ing two pieces of lead together by 
melting the edges. 

Icada (proBounerd leeds>! Short 
lengths of Insulated wires that 
conduce current to .ind from a de- 
vice. 

lead of brnsbes! The distance that 
the brushes are moved on the 
commutator of a generator or mo- 
tor to prevent sparking. 

Icadlag carreat! When the current 
of an alternatlng-cui'rent eyetem 
reaches its maximum value ty^fore 
the voltage does, it is called a 
leading current. 

leadlagwip wtrm Wires used to 
carry current from the outside of 
buildings to ths inside of build- 
ings. 

leaki A loss of charge In a storage 
battery where current can flow 
through a circuit, or to ground, 
due to defective Insulation. 


612 



lMk«Ke flu 


31 


low tonoloa wlodbiv 


leokoirr floxi Lines of force or tMLg~ 
netism that do not flow through 
the path Intended for thorn but 
take another path and do not do 
any useful work. 

Lcelaoehe eelli A primary cell 
which uses carbon and zinc rods 
or plates for electrodes, 
left-haod rotatloni A shaft or motor 
that revolves In n counter clock* 
wise direction: that is, opposite to 
that of the hands of a clock. 
Leyden Jan A glass Jar C'>\ered In* 
Hide and out with a thin metal 
covering, and used as a condenser. 
llftloK inaRaeti An electromagnet 
used to lift Iron and steel objects. 
llRhf londi A load that in loss than 
the usual or normal load on the 
circuit. 

llahtlBir nature: An ornnmrntnl de- 
vice that Is fastened to the out- 
let box In the celliiiK and wliich 
has sockets for holding the lamiis. 
Ilghtlag. transforiMeri A transforiner 
that Is used to suiiplv a distiibu- 
tlon circuit tli.'it does not have mo- 
tors connected to It. 

IlKhtnlng arrcHteri A device that 
allows the lightning to pass to the 
ground, thus protecting electrical 
iiiachines. 

lightning rod: A rod that Is run 
fiom the ground up above the 
higho.st point of a building, 
limit switch I A switch that ofiens 
the clieult when a device lias 
reached the end of its travel, 
line of form An imaginary line 
whicli ^-presents the direction of 
magnetism around a conductor or 
from the end of a magnet, 
line drop: The loss in voltage in 
the conductors of a circuit due to 
their resistance. 

line Insulatori An Insulator for use 
on an overhead transmission line, 
line reactance: The reactance In the 
tranemlssAin line or conductor 
outside of the supply station, 
line reeintancei The resistance of 
the conductor forming the trane- 
mlsslon line. 

Ilneaiani A man who erects or works 
on an electric transmission line, 
link taaet A fuse that Is not pro- 
tected by an outside covering, 
litharge I A compound made from 
lead used in the active material of 
•toroge battery platee. 


Urn A circuit carrying a current or 
having a voltage on it. 
loadi The work reonired to be done 
by a machine. Tlie current flow- 
ing through a circuit, 
load control I Changing the output 
of a generator as the clionges of 
load occur on a circuit, 
load dlNpatehrri A person who sup- 
ervises nr controls the ainoiint of 
load carried by the generating 
station on a system, 
load fartori Tlie average power con- 
sumed divided by the maximum 
power in a given time, 
loading eollat Eiinull colls placed In 
ser.es with telephone lilies in 
onlei' to improve tlie trunsinlsslnn 
of speeeli. 

local nelloni A dl-seliarge betwi*en 
different parts of a plate In a slor- 
nge liiitterv or ]irlinarv ceil 
caused l>y Impurities in tlic p.irls 
••Ped. 

local current: An Kddy current, 
lochcd torque: Tlio lu isting or turn- 
ing po»«r exerted by a motor 
when the rotating part Is held 
Ktatlomiry and normal current 
■supplied to tile winding, 
lodeatone: Magnetic lion ore. 
log: A neord of events taken down 
as thev oecur. 

long nhiint: t'onneollng the shunt 
aeross the serica field find armii- 
ture, Instead of across the arma- 
ture tcrmliiBla. 

loop elreiilti A parallel or multiple 
circuit. 

loop teat: A test using the Wiicat- 
stone bridge, and a good line to 
locate an accidental ground on a 
line. 

none contact i A poor connection 
that does not make proper con- 
tact. 

load speaker: An electrical device 
that reproduces sound loud enough 
to be heard across a room, 
low frcqncnryi A current having a 
small number of cycles per sec- 
ond. 

low potcntlnli A syetem where the 
voltage between wires is usually 
less than 600 volts. 

•w- tcaslOBi Low pressure or volt- 
age. 

tow tenslog wladingi The winding 
on a traneformer which produces 
or has the lowest voltage. 
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low ToltOKo relcoMi A device that 
opens the circuit when the Toltaffe 
drops down to a certain value, for 
which It is adjusted. 

loKsi Terminals placed on the end 
of conductors to enable the wire 
to be attached or detached quickly. 

Inmeni The unit of electric lighting. 

Inmlnarrei An ornamental electric 
lighting fixture. 

lamlnoHltyi In electric lighting work 
It is the brightness of a color com- 
pared with light. 

Inmlnone finxi In lighting work It is 
the amount of light directed down 
toward the point where It can be 
used. 


M 

Ml A symbol of mutual Induction 
the unit for which Is a henry. 

M.C.1l.t Master Car Builder. 

M.D.F.I Main distributing frame in 
n telephone exchange. 

in.r.d.i Microfarad. 

M-Oi An ahhrevtatlon for motor- 
generator sets. 

ni.p.li.i Miles per hour. 

mnehlne rntingi The amount of load 
or power a machine can deliver 
without overheating. 

machine ewltchlngi* A telephone ex- 
chongo where the connections 
from one party to another are 
made by a machine Instead of by 
an operator. 

magnet I A body that will attract 
iron or steel. 

magnet charger ■ A large electro- 
magnet used to magnetise perma- 
nent magnets. 

magnetic eollt The winding of an 
electromagnet. 

magnet eorei The Iron In the center 
of the electromagnet. 

magnet windingi The wire wound 
on a spool, forming an electro- 
magnet. 

mngnet wlrei A small single con- 
ductor copper wire Ineulated with 
enamel, dotton, or silk, used in 
winding armatureg, field colls, in- 
duction colls, and electromagnets. 

magnetto attractloni The pull or 
force exerted between two mag- 
nets or between magnets and an 
Iron or stsel body. 


magnetle blow-onti A magnet ar- 
ranged so that the aro between 
contacts Is quickly lengthened and 
extinguished. 

magnetic bmkei A friction brake 
which Is applied or operated by 
an electromagnet. 

magnetic bridgei An Instrument 
that measures the permeability 
and reluctance of magnetic ma- 
terial. 

nuignetle eircniti The paths taken 
by lines of force In going from 
one end of the magnet to the 
other. 

mnoaetle eompansi A email magne- 
tized needle which Indicates north 
and south directions. 

magnetic eontnctori A device, oper- 
ated by an electromagnet, which 
opens and cloaea a elrcult. 

magnetic denHityi The amount of 
magnetism or magnetic lines of 
force per square inch or centi- 
meter, 

maicnetle dipi The angles that a bal- 
anced needle makes with the earth 
when It in magnetized. 

magnetic eqnntor: An imaginary line 
Joining the points about the earth 
where the compass needle does not 
have any dip. 

magnetle field t The magnetic linen 
of force that pans in the space 
around a m}.Kiiet. 

magnetic flnzi Magnetism or the 
number of linen of force In a mag- 
netic circuit. 

magnetic foreci The attraction be- 
tween magnetic polee or magnetn, 
producing magnetism in a mag- 
netic body by bringing it near a 
magncMc field. 

magnetle Ingi The tendency for 
magnetiem to lag beMnd the cur- 
rent or foKe producing magnet- 
ism. 

magnetle leakage i Lines of force 
that do not do useful work by 
passing through a pafh that is not 
In a working field. « 

magnetic linen of fcreei Magnetiem 
about a conductor or flowing from 
magnet. 

magnetic moterlclt Materials which 
conduct lines of force easll]^^ — iron 
and Bteel. 

magnetic nccdict A small magnet 
that points In the direction of the 
magnetle lines of force about the 
earth. 
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■iaBactlr polei Th« enda of the 
mairnet where the masnetlam en> 
tera or leavea the mapnet. 
Biasactle poteatlali UaKnetle prea- 
aure which produeea a flow of 
magnetic llnea of force, 
mavaeile pulley i A pulley with an 
electroningnet Inalde of It, and 
uaed to aeparate Iron and atcel 
from other materials passed over 
It. 

maicuetle saturatloai The greatest 
number of magnetic llnea of force 
or magnetism that a body or sub- 
stance can carry. 

magnetic sereeai A soft Iron body 
.*iround which magnetism Is con- 
ducted Instead of going through 
the center of that object, 
magnetic ahnnti A definite path for 
magnetic llnea of force to pass 
through instead of the main path, 
magnetle switch t A switch that Is 
operated or controlled by an elec- 
tromagnet. 

magnetinmt That Invisible force 
that causes a magnet to attract 
Iron and steel bodies, 
masmctltei Magnetic Iron ore. 
magnetisation curve i A curve that 
shows the amount of magnetism, 
expressed In lines of force, pro- 
duced by a certain magnetising 
force. • 

magnetise I To cause a substance to 
become a magnet. 

magnetising forrei That force which 
produces magnetism. It Is meas- 
ured In ampere-turns, 
magnctoi A small generator that 
has a permanent fleld magnet, 
magneto Ignliloai Igniting the 
charge in a combustion engine 
from a magneto generator, 
magnetomotive force i That force 
which produces magrnetlsm; It Is 
expressed In ampere-turns, 
mnlni The circuit from which all 
otheft smaller circuits are taken, 
main feederi A feeder supplying 
power from the generating station 
to the mala. 

maka-and-brenk Igaltlana Igniting 
the charge In an Internal combus- 
tion engine by the spark produced 
when contacts carrying current 
are opened. 

nMlntcnnnesi Repairing and keep- 
ing In working order. 


manhole la eondnlti An opening or 
chamber placed in a conduit run 
large enough to admit a man to 
splice or Join cables together, 
msnganese steel i An alloy of steel 
having a large percent of the 
metal called mangaiieae. 
masnali Operated by hand, 
mariner's rompassi A compass used 
by ssillors for directing the course 
of a ship. 

master swltehi A switch that con- 
trols the operation of other 
switches or contact switches, 
maximum demand i The greatest load 
on a system occurring during a 
certain interval of time, 
maximum demand meter i A meter 
that regIsterH or Indicates the 
greatest amount of current or 
power pnsHinllr through a circuit 
within a given time, 
maxwelli A unit ot magnetic flux or 
lines of fierce. 

masda lampi A certain trnde name 
for an incandescent lamp using a 
tungsten filament. 

mean horlaontal candle-poweri The 

average candle-power measured on 
a horizontal plane In all directions 
from the lamp filament, 
mean spherical eandic-paweri The 
average candle-power of a lamp 
measured In all directions from 
the center of the lamp, 
meg or megai A prefix that means 
one million times. 

meggcri An Instrument that meas- 
ures the resistance In megohms, 
meghomsi A resistance of one mil- 
lion ohms. 

mercaryt A silvery white metal 
liquid; often called quicksilver, 
mcreary-are rrctifleri A rectifier In 
which alternating current Is 
changed to direct current by tlie 
action of mercury vapor on elec- 
trodes. 

merenry vapor lamps i The lamps or 
lights In which light Is produced 
by passing a current through mer- 
cury vapor. 

mesh conncetloni A closed circuit 
connection In armature winding. 
m rsae n gar wlrei A wire used to 
support a trolley, feeders, or cable, 
amtol enndnttt Iron or ateel pipe In 
which electric wires and cablea 
are Installed. 


616 



letal monldlBir 


■taUlple 


SI 


mrtnl moaldlnffi A rnotal tube or 
pipe, Installed on the celllnir or 
walls of a bulldlner. In which elec- 
tric wires are installed, 
metallic cireulti A circuit that uses 
wires to return the current to the 
startlnft point Instead of return- 
ing it through the ground, 
metallle fllamenti An Incandescent 
lamp filament made from a metal 
such as tantalum or tungsten, 
mrfen A device that records and 
Indicates a certain value of elec- 
tricity. 

meter loopai Short pieces of Insu- 
lated wire used to connect a watt- 
hour metvv to the circuit, 
metric ayatemi A Hyslcm of weights 
niid measures baaed upon a meter 
(39.37 Inches) for length and a 
gram ounce) for weight 
lllhoi The reciprocal of tho n slst- 
nnee of a circuit which la r.>!lcd 
conductivity. 

miPHi A transparent mineral nub- 
staiicu used for Insulating commu- 
tators. 

mien iinderenttcri A tool used to 
cut the mica below the surface of 
tho commutator segment, 
mlvnnltei A trade nniiio for amall 
ploccH of lliikc mica cemented tu- 
getbor with an insulating com- 
pound. 

micro: A prefix meaning one-mll- 
lioiitli part. 

miero-nmperei The one-mlllionth 
part of an ampere, of 

.OOOOUl amperes. 

mierofarndi One-milltontb of a 
farad. 

mlerohmi One-mllllonth of an ohm. 
mierophonei A telephone transmit- 
ter in which the rcfsiatance in 
varied by a slight change In pres- 
sure on It. 

mlcroroKt One-mllllonth of a voU. 
mill One-thousandth part of an Inch; 
To‘«n Inch. 

mile-ohm I A conductor that Is one 
mile long and has a resistance of 
one ohm. 

mll-foott A wire that Is one-thous- 
andth of an Inch In diameter and 
one foot long. 

mllllf Prefix to a unit of measure- 
ment. denoting one-thousandth 
part of It. 

mllll-nmmetcvi An Instrument that 
reads the current In thousandths 
of an ampero. 


nillll-nmpcrci or .001 amperes. 

Onc-tliutisandth of an ampere, 
mllll-henryi One-thousandth of a 
henry. 

mllll-volti One thousandth of a volt. 
mllll-Toltmeteri A voltmeter tiint 
reads tho pressure In one-thous- 
andth of a volt. 

mlBcraleei A trade name of an In- 
sulating compound or wax. 
miniature lampi The smallest sisc 
of Incandescent lamp that uses a 
screw threaded base, 
mirror galvanomrterz A very sensi- 
tive galvanometer wltli a mirror 
attached to the moving element 
whicb reflects a spot of light over 
a scale. 

momcBti That which produces mo- 
tion. 

monel metal i An alloy of nickel and 
copper that is not eaten away by 
adds. 

momentiimi The tendency of a body 
to remain at rest or In motion at 
tho same speed. 

moleenlei The smallest existing par- 
ticle of a compound substance, 
moonlight sehrdulei A list showing 
tile time to turn the street lights 
out one hour after tho moon rises, 
and turn them on one hour before 
the moon sets. 

Morse eodei A series of dots and 
dashes aS signals transmitted by 
telegraph used to transmit mes- 
sages. 

motor: A machine that changes 
electrical energy into mechanical 
power, 

motor FOBvrrteri A form of rotary 
or f ascade conv. rter. 
motor elreniti A rlreult supplying 
current to an electric motor, 
motor-generator: An electric motor 
driving a generator changing al- 
ternating to direct current or the 
reverse. 

moulded Inmilatlon: X form of Insu- 
lating material that can bo placed 
In a mold and pressed Into shape, 
monldlng: A wooden or metal strip 
provided with grooves to receive 
rubber covered electric wlree. 
moTing coll meter: An electrical In- 
strument of the d'Arsonval type 
which has a coll of fine wire mov- 
ing between permanent magnets, 
mnitipic: Connected In parallel with 
other circuits. 
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■ipitiple elKvIti A circuit in which 
the devices are connected In par- 
allel with each other, 
maltiple eerleMi A parallel connec- 
tion of two or more series cir- 
cuits. 

■inltlple wlndlnici A winding where 
there are several circuits in par- 
allel. 

multiple unit control i Controlllnir 
the operation of niuturs on several 
cars of an electric train from one 
point. 

multiples teleirmplipi Sendliiff one 
or more messages In both direc- 
tions In the same circuit at the 
same time. 

multiples wave wludlnirt A wave- 
won nd armature that has moro 
than two circuits In parallel, 
multipllert An accurately ciilibrated 
reHistuiico connected In series with 
.1 voltmeter to enable It to ho used 
on higher voltaKo circuits 
miilllpwlari Havlnjif more than two 
poIi'-|iiecea and held coils. 
multl-Npeedi An electric motor that 
can he operated at several definite 
speeds. 

muMli colit An arm.'iture coll that Is 
not Wound In regular layers. 

N 

IVt A symbol used for revolutions 
per second or minute; often used 
to denote the North pole of a 
masnet, 

hf»l3.c.i Abbreviation for National 
Klectric C'ode; often called lender- 
writer's Cime. 

N.]S.L..\.i Abbreviation for National 
Electric LlKht Association. 
N.P.P.A.t Abbreviation for National 
Fire Prevention Association. 
uJiHP.i Abbreviation for nominal 
horsepower. 

■ame platei A small plate placed on 
electrical machines which gives 
the rating of the machine and the 
manufacturer's name, 
uatnral mugueti Magnetic ore or 
lodestone. 

ucedlei A magnetised piece of steel 
which can be swung from the 
center and will point in the direc- 
tion in which the magnetic lines 
of force are flowing. 

Mcdlo point I The sharp point on a 
■park gap. 


urgativei The point towards which 
current flows In an external elec- 
trical circuit; opposite to positive, 
negative brushi The hriiah of a gen- 
erator out of which current enters 
the armature. In a motor the 
hrush at which current leaves the 
armature. 

nrgatixe eharget Having a charge 
of negative electricity, 
urgatlxe roadnctori Tlie conductor 
that returns the current to the 
source .xftcr it has passed through 
a licvlcc and has been used, 
negatixe eleetrodei The eleeirodc by 
which the current lenxes an elec- 
trolyte and returns to It.s siiurco. 
■egafive fecderi A feeder connected 
to the negative terminal on a gen- 
erator to aid the current return- 
ing to the geiyu'iitoi'. 
negatlx'c platri The sponge lead 
plate of a lead neld-l>attery. In a 
primary cell the tiu'inlnulH to 
which the current retuins troni 
the external circuit, 
negative pole: Tlie K-pole of a mag- 
net. The pole that the lines of 
force enter the innKiiet. 
negntlxe aldei That part of the cir- 
cuit from where the eurrent 
leaves the consuming de\Ire to 
where It re-enters the geiionitor. 
negntixe ternilanli Tliut terminal to 
which the current rcluin.x from 
the external circuit, 
neon I An Inert gas used In electric 
lamps. 

nerast Ininpt A lamp in which light 
Is produred by pii.?iHliig the curient 
or electricity through ritru oxide 
contained In a tube, 
aelworfci A number of electrleul 
circuits or distribution lines Joined 
together. 

nentmli Not positive or negatlvo al- 
though It may art as positive to 
one circuit and negative to an- 
other. 

■enfral eondnctori A middle con- 
ductor of a threo-wiro direct-cur- 
rent or single-phase circuit, 
aentrnl Indnetloni The variation of 
current In one dreuit which cauaee 
a voltage to be produced In an- 
other circuit. 

aentnl poeltloni That point on the 
commutator where the armature 
conductors do not produce any 
voltage, because they are not cut- 
ting lines of force at that point. 
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■rntral tmnlnali A tormlnal which 
mav’ lip poaltlve to one circuit and 
nofcatlvo to another circuit, 
■entnil wivei That wire In a three- 
wire distribution circuit which !e 
positive to one circuit and nega- 
tive to the other. 

alehromei An alloy of nickel and 
phromliim which forme a reelet- 
ance wire that can be used at a 
hlfch temperature. 

■lekeli A silver white metal, 
nickel Nllveri An alloy of copper, 
Klnc, and nickel. 

niekel otceli An alloy eteel contaln- 
Inir a ema.l per cent of nickel, 
nltroicew lampi An Incandeecent 
lamp rontalnlnnr nltroffen or other 
Inert gras Instead of a vacuum, 
non-eonductori That material which 
does not easily conduct electric 
current; an Insulator, 
non-ludnctlvci Having; very little 
eelf-lnductlon. 

non-induetive loadi A load con- 
nected to a circuit that does not 
have aeir<lnductlon. With alter- 
nntlne-current circuit, the current 
Is in phase with the voltagre. 
aon-ladnetlve wlndlnai A winding 
arranged so that It does not have 
any self-induction. 

■oa-memietlci Materials that are 
not attracted bv a magnet are 
called non-magnetlc. 
normal I The general or usual con- 
ditions for that particular device 
or machine. 

North pole I The end of the magnet 
at which the lines of force leave 
it. The end of a freely suspended 
magnet that will point towards 
the North. 

Bvmerntori In fractions the word or 
number written above the horl- 
sontal line. 


O 

O.K.I An abbreviation which means 
all right. 

oemtcdi The unit of magnetic re- 
luctance which Is the resistance of 
metal to the flow of magnetism 
through them. 

•hmi The unit used to express the 
reslstence of a conductor to the 
flow of electric current through It. 


Ohm^ lawi A rule that gives the 
relation between current, voltage, 
and resistance of an electric cir- 
cuit. The voltage (B) Is equal to 
the current (1) In amperes times 
resistance (R) la ohms. The cur- 
rent ( 1 ) equals the voltage (B) 
divided by the resistance (R) of 
the circuit. The resistance (R) Is 
equal to the voltage (B) divided 
by the current (I). 

okm-mllei A conductor a mile long 
and has a resistance of one ohm. 

ohmic reNlelnacei The resistance of 
a conductor due to its slse, length, 
and material. 

oil circuit breaker t A device that 
opens an alternating-current cir- 
cuit in a tank of oil which extin- 
guishes the arc. 

oil switch I A switch whose contacts 
are opened In a tank of oil. 

oiled paperi A paper treated with an 
Insulating oil or varnish. 

open elreniti A break In a circuit. 
Not having a complete path or 
circuit. 

open clrenlt hntteryi A primary cell 
that can only be used for a short 
time, and requires a period of rest 
In order to overcome polarization. 

open eoll nrmnturei An armature 
winding in which the ends of each 
coil arq connected to separate 
commutator bars. 

open delta eonnecttoni A trans- 
former connection in which two 
single-phase transformers are used 
to form two sides of a delta con- 
nection. 

open wlrlngi iiliectrlc wires fast- 
ened to surfaces by the use of 
porcelain knobs. Wiring that Is 
not concealed. 

ordlaatei The vertical lines drawn 
at various points along ttao horl- 
sontal base line to Indicate values 
on that base line. 

oBcOlatlng dlsehoTgei A npmber of 
discharges obtained one after an- 
other from a condenser; each one 
is less than the one before. 

oMlIlographi A very sensitive and 
rapid galvanometer which shows 
changes occurring in electrical 
circuits. 

anthnard hearing! A bearing placed 
on the outside of a pulley of a 
maehlae. 
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Mtlcti A plac« -wher* electrical 
wirea are exposed ao that one can 
be Joined to the other, 
enttct boai An Iron box placed at 
the end of conduit where electric 
wirea are Joined to one another 
and tu the fixtures, 
ontpati The amount of current In 
amperes or watts produced by a 
generator or a battery, 
evereonponndi When the series 
Held colls of a generator are de- 
signed so that the iroltago will 
Increase with an increase In load, 
the generator Is said to be over- 
compounded. 

overdlsehargei Discharge from a 
storage battery after the voltage 
has dropped to the lowest normal 
discharge value. 

overhead I Electric light wires car- 
rled out doors on pules, 
overloadi Carrying a greater load 
than the machine or device la de- 
signed to carry. 

overload eapacifyi The amount of 
load beyond a rated load that a 
machine will carry fur a short 
time without dangerously over- 
heating. 

o^er^'oltagci A voltage higher than 
the normal or usual voltage, 
oaonei A form of oxygen produced 
by electrical discharge through 
air. • 


Pi Abbrevl^lon for power. 

P.B.Z.I Private branch telephone ex- 
change. 

P.D.I Potential difference. 

panel boxi The box In which 
Bwltchea and fusea for branch cir- 
cuits are located. 

pambolle refleetort A reflector built 
In the form of a parabolic curve in 
order to reflect the light In a nar- 
row ^eam. 

parnfllni A wax used for Insulating 
bell wire. 

parallaxi The difference caused by 
reading the scale and pointer of 
an instrument at an angle Instead 
of straight In front of It. 

parallel t Two lines extending In the 
same direction which are equally 
distant at all points. Connecting 
machines or devices so that the 
current flows through each one 


separately from one line wire to 
another line wire. Also csllsd 
multiple. 

parallel Hrvalti A multiple circuit 
A connection where the current 
divides and part flows through 
each device connected to It. 
parallel serlesi A multiple series. 
A number of devices conneetcil In 
series with each other, foritilng a 
group; and the groups ore con- 
nected In parallel with each other, 
parallel wladlngi A lap armature 
winding. 

paramagaetlei Material that can be 
attracted by a magnet 
para mbbert The best grade of 
India rubber. 

pasted plsfci A stonigo battery plate 
In which the* active maiei-lnl Is 
prepared as a paete and forced 
into openings In the grid, 
peak loadi The higheRt Innd nn a 
system, or generator, occurring 
during a particular period of lime, 
peak voltagei Tho liighcst voltage 
occurring In a circuit during a 
certain time. 

pendant awltehi A small push but- 
ton switch, hanging from tho ceil- 
ing by a drop cord, used to control 
the flow of current to a celling 
light. 

permanent mngneti A magnet that 
holds Its magnetism for a long 
time. 

permrnbllltyt The esse with which 
a substance conducts or carries 
magnetic lines of force, 
permeability eurvei A curve that 
shows the relation of the magne- 
tizing force (ampere-turns) and 
number of lines of force produced 
through a certain material, 
pcrmenmcteri An Instrument used 
to tcet tho permeability of iron 
and steel. 

permittivity I The dielectric constant, 
peroxide of leadi A lead compound 
need In making storage battery 
plates. 

petticoat lasalatari An Insulator the 
bottom part of which Is In the 
shape of a cone with the Inelde 
hollow for some distance, 
phantom llaoi An artificial lino over 
which messages can bs sent the 
same as over an ordinary line. 
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phaiiei The fraction of a period of 
cycle that has passed since an 
alternating voltaso or current has 
passed through aero value In the 
positive direction. 

phase advaaceri A machine used to 
Improve the power factor of a sys- 
tem by overcoming the logging 
current. 

phase anglei The difference In time 
between two alternating-current 
waves expressed In degrees. A 
complete cycle of 360 degrees, 
phase eonverferi A maclilne that 
changes the number of phases In 
un alternating-current circuit 
without cliunglrig the frefiuoncy. 
phase fnllurei Tlie blowing of a 
fuse or an opening of one wire or 
line In a two- or three-phase cir- 
cuit. 

phase Indicator I A device tl^at >ihows 
whether two (.leetrlc mut'liliies arc 
"In step" <ir In synehrotilsm. 
phase rointlont The order In which 
the voltugo waves of n three- 
phase cir«'Ult reach (heir maximum 
\alue, iva AHC or ACTS, 
phase shifters: Dovleea by which 
power-factor can bo varied on a 
eli'ouil when testing meters, 
phase splitter: A duviee that e.uisea 
an alternating current to be di- 
vided into M number of currents 
tliat differ in phase from the origi- 
nal. 

phase winding: One of the Indi- 
vidual Armature windings on a 
polyphase motor or generator, 
phosphor broaae: Bronze to which 
phosphor bus been added In order 
to increase Its strength, 
photometer: An Instrument used to 
measure the Intensity of light, 
pig tall: Five braided copper wires 
used to connect the carbon brush 
to its holder. 

pike pole: A small pole with a sharp 
spike in one end. It is used by 
wiromcn In raising and setting 
Wood poles, 

pilot brash: A small brush used to 
measure the voltage between ad- 
jacent commutator bars, 
pilot eell: A cell In a storage bat- 
tery used ns a standard In taking 
voltage and specific gravity read- 
ings. 


pilot Inntpi A small lamp used on 
switchboards to Indicate when a 
circuit switch or device has oper- 
ated. 

pfteh: The number of slots between 
the sides of an armature coll. The 
distance from a certain point on 
one to a like point on the next, 
pith balls: Small balls made from 
the light soft spongy substance 
In the center part of some plants 
and corn cobs. 

pivots of meters: The shaft to which 
the moving part of the meter is 
fastened and which turns on a 
hearing. 

Plantd plates: A storage battery 
plate In which the active material 
iM formed by charging and dis- 
charging the battery many times 
plate eoadeaseri A condenser formed 
by A number of platen with insu- 
lating niutorlal between them, 
plating dynamo: A generator that 
pruduecH a low voltage direct cur- 
rent for use in electroplating 
work. 

platinnmi A gray-white metal that 
Is not oa.ill}' oxidized and which 
makes good contact points, 
plallanm-lrldlnm: An alloy of plati- 
num and Iridium, which is a 
harder metal than platinum, 
ping: A H ‘row thread device that 
nerewB into an electric light socket 
and completes the connection from 
the socket to the wires fastened to 
the plug. 

pocket nieteri A small voltmeter or 
ammeter mounted lii a cane that 
can be carried .n the coat pocket, 
polar relay: A relay that operates 
when the direction of the flow of 
current changes. 

polarity: Being positive or negative 
In voltage, current flow, or mag- 
netism. 

polarity ladleator: An Instrument 
that Indicates the positive, vr nega- 
tive wires of a circuit, 
polarity wlrlag: Using a white or 
marked wire for the ground side 
of a branch circuit, 
polavlaatloa: The forming of gas 
bubbles on the plates of a primary 
cell which reduces the current 
produced by the cell, 
polarised: Having a definite mag^ 
netic polarity. 


620 



patarlsed amatnrv 


39 


paiwr loaa 


polarised araiatarci The armature 
of a magnet that has a polarity of 
Its own and which la attracted 
only when the direction of the 
flow of current in the windings 
produces a pole of opposite po- 
larity. 

polet The positive and negative ter- 
minal of an electric circuit. Tho 
ends of a magnet. 

pole ehnagert A device that changes 
direct current into alternating 
current. 

pole piece: The end of tho field mag- 
net or electromagnet that forms a 
magnetic pole. 

pole pitch: The number of armature 
f.1ots divided by the number of 
poles. 

pole Nhue: A piece of metal having 
the t-.ime curve as the armature 
that Is fast**ni*d to the Held inag- 
nel of ii generator or motor, 
pole strength: The niiinher of mag- 
netic lines of force produced by a 
magnet. 

pole tips: The edges of the field 
magnets toward and uway from 
which the armature rotnlca. 
pol> phase: Tfavlng more than one 
phase. 

polj phase elrenlti A two- or three- 
phase circuit. 

polyphase IransformeA A trans- 
former In whicli the windings of 
all the phases are located inside 
the same case or cover, 
porcelain: A hard Insulating ma- 
terial mgfle from sand and c1:i3' 
which is molded into shape and 
baked. 

poriHis cell: A porous Jar used with 
primary cells that use two dift«*r- 
ent electrolytes that must he kept 
separate. 

portable Instrnment: A meter so de- 
signed that it cun be moved fiom 
one place tB another, 
pooltlsre: The point In a circuit 
from w'hich the current flows; op- 
posite to negative, 
positive brash: The brush of a gen- 
erator from which the current 
leaves the commutator; tho brush 
of the motor through which cur- 
rent passes to the commutator. 
pooltUe electrlelty: The kind of 
electricity produced by rubbing a 
glass rod with silk. 


positive elertrodei Tho electrode or 
terminal that carries the current 
Into the electrolyte, 
positive feeder: A wire or cable 
acting ns a feeder that is con- 
nected to the positive terminal of 
a generator. 

positive plate: The peroxide of lead 
plate In a lead-acid storage bat- 
tery. 

positive terminal: The terminal of a 
battcrv or generator from which 
the current flows to the extorii.al 
circuit. 

poleatlali Tho pressure, voltage, or 
electromotive force that forces the 
current through a circuit, 
potential roll: The voltage or pres- 
sure coil of a meter that Is cem- 
ncoted the circuit and Im 

affected by ch.mges in voltage, 
potential regulator: A device for 
cnntrolliiig or regulating the voli- 
.age of a generator or circuit, 
potential transformer: A trans- 
former used to step tho voltage 
down fur voltmeters niid other In- 
struments. 

potentiometer: .\n Instrument used 
to compare .*i known or standard 
voltsigo with anulh'T voIIukc, 
pothead: .N ll.’tred rtiit pot or hell (it- 
Uuhed to the end of a lead eov- 
fM-i'd rahle and llllcil with Insulat- 
ing conipouiid. 

poi:ndol: The unit of force which, 
acting ri;r one second, will give a 
hod}' that lias mnss of one pound 
a volocily of oiio foot per second 
power: The rule of doing w'ork. In 
direct current circuits It is equal 
to K X The electrical unit Is 
tho watt. 

power elreolt: Wires that carry eiir- 
reiit to oleetric motors and otiicr 
devices using electric current, 
power fnetnr: Tho ratio of the triio 
power (watts) to the apparent 
power (volts X amperes). Cosine 
of the angle of lag between the 
alternating current and voltage 
w.:veM. 

power fnetvr meter: A meter that 
IridleatcM the power factor of the 
circuit to which it la connected, 
power Iona: Tho energy loat In a 
circuit due to the realstance of 
the conductors; often called l^R 
loss. 
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power ploBti The generators, ma- 
chines, and buildings where elec- 
trical power ^ energy Is pro- 
duced. 

proetleal aafltai The electrical units 
used in everyday practical work 
— the ohm, volt, ampere, watt, etc. 
precdsloo lostmownt or meteri A 
very accurate meter or instru- 
mrnt used In testing or comparing 
other meters. 

press boardi A hard smooth paper 
or cardboard used for insulation 
in generators and transformers, 
prrssnrei The voltage which forces 
a current throuRh a circuit; also 
called potential dlfTercnce. 
prcMHiire wlrom Wires going from 
the end of a feeder to a voltmeter 
in the power station, 
primaryi That which Is attached to 
a source of power, as distin- 
guished from the secondary 
primary celli A cell producing elec- 
tricity by chcm'Ical action, usu- 
ally In acid acting on two differ- 
ent metallic plates, 
primary elrcnlti The coll or circuit 
to which electric power Is given 
and which transfera it to tho sec- 
ondarv by Induction, 
primary vrfadlngi The winding 
which receives power from the 
outside circuit. 

prime moveri An engine, turbine, 
or water wheel that drives or op- 
erates an electric generator, 
proay brake i A friction brake or a 
pulley used as a dynamometer to 
measure the torque turning power 
of a ahaft. 

proportional I A change In one thing 
which cauaes a relative change In 
another thing. 

protective reaetori A reactance coll 
used In a circuit to keep the cur- 
rent within a safe value when a 
short circuit occura 
pull boacai An Iron box placed In a 
long conduit, or where a number 
of conduits make a sharp bend, 
pnl^ofisi A hanger used to keep 
the trolley wire In proper place 
on a curve. 

pnlsotlng enrrenti A current that 
flows in the same direction all 
the time, but rises and falls at 
regular intervnla 

ppBOtnret The breaking through 
Insulation by a high voltage. 


pnab bnttoai A small contact device 
* having a button which, when 
pressed, closes a circuit and 
causes a signal bell to ring, 
pmk-batton awitchi A switch that 
opens and closes a circuit when a 
button Is pushed. 

pnsk - pull transformert *A trans- 
former used In radio work with a 
tap brought out at the center of 
the coll windings. 

pyrometori An Instrument that In- 
dicates or measures temperatures 
hlglier than a thermometer will 
handle. 


Abbreviation for “quantity'* of 
electricity. The unit is coulomb 
or ampere-hours. 

Q.g.T.i A radio code call — "Have 
you received the general call"? 

Wiadi An abbreviation for quadruple 
telegraph; means Four. 

auaded cablet A telephone or tele- 
graph cable In which every two 
pairs (4 wires) are twisted to- 
gether. 

qnadratum Angle of 90 electrical 
degreea or quarter cycle difference 
between two alternating-current 
waves. 

quarter phase i Same as two phase. 
The voltdge waves arc onc-fourth 
of a cycle apart. 

quiek-break awitebi A knife switch 
arranged so It will break tho cir- 
cuit quicker than when pulled 
open by hand. , 


R 

Ri Abbreviation for resistance, the 
unit of which Is the ohm. 

R.It.M.i Abbreviation for a dome 
typo of lighting reflector. 
yip.m .1 Abbreviation 'for revolutions 
per minute. , 

R.SA..I Railway Signal Association, 
radag of motari A rapid change or 
excessive speed of a motor, 
ruccwayai Metal molding or conduit 
that has a thinner wall than 
standard rigid conduit used In ex- 
posed wiring. 

reeks aud baakai Supports for lead 
covered cables placed in under- 
ground manholes. 
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niAlali In a Btralirbt line from tbe 
center outward. 

radiant The angle at the center of 
a circle where the arc of clrcum- 
■tanee te equal to the radiue of 
the circle. It le 57.3 degreea 
radlallohi The procese of giving off 
<)r sending out light or heat 
wavea. 

■adloi Referring to methoda, ma- 
terials, and equipment for com- 
municating from one placo to an- 
other without the uae of wires be- 
tween them. 

radioactive I Giving off positive and 
negative charged partldua. 
rail bondi A short piece of vrlre or 
cable connecting the end of one 
rail to the next. 

ratingi The capacity or limit of 
load of an electrical machine ex- 
pressed in horsepower, watts, 
volts, amperes, etc. 
ratioi The relation of one number 
or value to another, 
ratio arnui The two arms of a 
Wheatstone bridge whose resist- 
ances are known and form the 
ratio of the bridge, 
ratio of a tranafonaeri The relation 
of the number of turns in the 
primary winding to the secondary 
winding. 

rcactaneei The Influence or action 
of one turn of a coll or conductor 
upon another conductor which 
chokes or holds back an alternat- 
ing current but allows a steady 
direct cui^ent to flow without any 
opposition. 

reactance colli A choke coll. It la 
used to hold back lightning and 
other high frequency currents In 
a circuit. 

reactive current i That part of the 
current that does not do any use- 
ful work because It lags behind 
the voltage.* 

icactl^ load I A load, such as mag- 
nets. colls, or Induction motors, 
where there Is reactance which 
causes the current to lag behind 
the voltage. 

reaetori Choke colls or condensers 
used In a circuit for protection or 
for changing the power factor, 
■eameri A cone shaped tool ueed 
with a hand brace to remove the 
burr on the Inner edge of conduit. 


receivcri The part of the telephone 
that changes talking current 
Into sound thar can be heard by 
the ear. 

receiving eetsi Devices need to re- 
ceive radio messages and esps* 
dally radio broadcast programs, 
reccpiaciri A device placed In an 
outlet box to which the wires In 
the conduit are fastened, enabling 
quick electrical connection to be 
made by pushing an attachment 
plug Into It. 

rcecptnele plagi A device that en- 
nblee quick electrical connection 
to bo made between an appliance 
and a receptacle. 

rerlprocali One divided by the num- 
ber whose rociprufal la being ob- 
tained. The*reclprocal of 3 le Hi 
of 3 le etc. 

rceardcri A device that makes a 
record on paper of changing con- 
ditions in a circuit, apparatus, or 
equipment. 

rcctlfleri A device that changca al- 
ternallng current Into continuous 
or direct current. 

lectlgOBi Trade name for a battery 
charging rectifler. 

red leadi Minimum, or peroxide of 
lead, used In making pasted bat* 
tery plates. 

re-eatraati Armature windings 
which return to a starting point, 
thus forming a closed circuit, 
rcfleetori A device ueed to direct 
light to the proper place, 
regeaeratlve brafcingi Using electric 
motors on a car or locomotive ae 
generators to slow down the train. 
regalBtloni A change In one condi- 
tion which cBuees a change In 
another condition or factor, 
rcgnlatori A device for controlling 
the current or voltage, or both, 
from a generator or through a 
circuit. Devices for controlling 
othiT machines. 

relayi A device by which contacts 
In one circuit are operated by a 
change In conditions In the same 
or another circuit, 
relaetaacei The resistance to flow 
of magnetism through materials. 
selaetlvItTi The reciprocal of per- 
meability. The reelstance to be- 
ing magnetized. 
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rcmoiKootlBeri A large direct-current 
elerlromagnet used to magnetize 
the permanent magnets that have 
lost their magnetism, 
remote eoatroli Operating switches, 
motors, and devices located some 
distance from the control point 
hy electrical circuits, relays, elec- 
tromagnets, etc. 

renefroble fosei An Inclosed fuse 
BO constructed that the fusing ma- 
terial can be replaced easily, 
repeater I A device that reproduces 
the signals from one circuit to 
another. 

repeating eolli An Induction coll or 
transform r used In telephone 
work that has the same number of 
turns on each winding, 
repulsion I The pushing of two mag- 
nets away from each other, 
repulsion Induction motori An alter- 
nating current which opcrati i as 
a repulsion motor during the 
starting period and as an Induc- 
tion motor at normal speed, 
residual niagnetlsmi The magnetism 
retained hy the Iron core of an 
l•Iflctronlagnet. Often the flow of 
current la stopped, 
resistance! That property of a sub- 
stance which causes It to oppose 
the flow of electricity through It. 
resistance bridge! A Wheatstone 
bridge. 

rcslstnnee furnncc! A furnace where 
heat Is obtained by electric cur- 
rent flowing through resistance 
colls. 

resistor! Several resistances used 
for the operation control or pro- 
tection of a circuit, 
resonance! A condition in a eircuit 
whwn the choke coll reactance Is 
exactly balanced or equalized hy 
a condenser. 

resultant! The sum of two forces 
acting on a body, 
retarding coll! A choke coll, 
retcntlvttyi Holding or retaining 
magnetism. 

retrl^cri Device that pulls down 
the trolley polo of a car when the 
trolley wheel leaves the wire, 
return circuit! The path the current 
takes in going from the apparatus 
back to the generator, 
return feederu! Copper cables con- 
nected at different points of the 
rail to carry the current back to 
the generators. 


rez'cmei Going In the opposite di- 
rection. 

reverse current relay! A relay that 
operates when the current flows 
In the opposite direction to what 
It should. 

reverse phase! A change In the phase 
of the current due to changing 
the generator or circuit wiring, 
reverse powcri Sending electric en- 
ergy In the opposite direction In 
a circuit to the usual direction, 
reversing switches! Switches used 
to change the direction of rota- 
tion of a motor. 

rheontat! A resistance having means 
for adjusting Its value, 
ribbon condnctori A conductor made 
from a thin flat piece of metal, 
right-bnnd rnlei A rule used to de- 
termine the direction of flow of 
current In a dynamo, 
ring nrmntnre! An armature with a 
core in the shape of a ring, 
ring oiling! A system of oiling 
where a ring on the shaft carries 
oil to the top of the bearing, 
ring sssleiii: Where two transmis- 
sion lines from a station are 
Joined together at a substation, 
thus forming a loop or ring, 
risers! Wires or cables that are run 
vertieally from one floor to an- 
other and supply electric current 
on these ifoors. 

roeker nrmsi The arms to which the 
brush holders of a motor are fas- 
tened or supported, 
roddingi Pushing short rods whieli 
are Joined tog»thur - through a 
court uit in ordi^r to pull a cable 
Into it. 

Itoentgen nosi Htiullar to X-r.ays. 
rosettes! A device to permit a drop 
cord to be attaehod to a celling 
outlet or flxtiirc. 

rotary vonverteri A direct -current 
motor with collectqy rings con- 
net fed to the armature windings 
which changes alternating 'lo di- 
rect current or the reverse: a syn- 
chronous converter, 
rotary switch! A switch where the 
circuit Is opened and closed by 
turning a knob or handle, 
rotori The part of an electrical ma- 
chine that turns or rotates, 
rotor slots! Openings punched in 
the disk of the rotor and In which 
the winding Is placed. 
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r.p.ni.t Abbreviation for revolutions 
per minute. 

r.p.s.i Abbreviation for revolutions 
per second. 

nibber-eovered wlrei %Vlre8 covered 
with an insulation of rubber. 

robber fvlo^esi Insulated gloves 
worn bv linemen when working 
on ‘‘Live** lines. 

rubber tnpei An adhesive elastic 
tape iiuidc from a rubber com- 
pound. 

runner: The revolving part of a 
water tnrbliio. 

running torque: The turning power 
of a motor when it is running at 
rated speed. 

runoff: The (luantlty of water flow- 
ing in a stream at am* tinio. 


s.: Abbreviation for second of time. 

si.A.K.: -Hociety of .\utoiiiot1ve Engi- 
neers. 

s.e.i Abbreviation for single contact. 

s.c.e.i Abhrevlntlon for slnglti col- 
ton-covered wire. 

H.K.l).: Society for Electrical Devel- 
opment. 

s.e.e.1 Abbreviation Cur cotton cnarn- 
cbd wire. 

s.p.: Aiiiiivvlntfon for single pole. 

M.S.: Alibrcviatlon for steniiiship 

when placed before the name of 
tlio vessel. 

sj(.c.: .\bbrevlatlon for single silk- 
covered wire. 

S.K.F.: The trade name for a ball 
bearing. * 

safe carrying capacity: The maxi- 
mum current a conductor will 
carry witliout overheating. 

safety catch or fuse: A device that 
opens the circuit w'hen it beconius 
too hot; often placed in base of 
appliances for heating liquids. 

safety swltchs A knife switch In- 
closed In a metal box and opened 
and Closed by a handle on the out- 
side. 

salnmmoulact Common name for 
ammonium chloride, NH4C1, used 
as electrolyte in primary cells. 

salient poles: The ordinary poles 
formed at the end of a magnet as 
distinguished from consequent 
polos. 

saturation curve: A curve showing 
the relation between the voltage 


produced by a generator and the 
ampere turns on the field colls. 
Seott eoaacciloa: A transformer 
connect Ion for changing alternat- 
ing current from two- to throe- 
phaso or the reverse, 
seal: A place of lead or metal uaed 
to close meter to prevent temper- 
ing. 

second: part of a minute, 

secondary: The circuit that receives 
power from another circuit, called 
the primary. 

sccoudary battery: A storage bat- 
tery. 

sccoadary circuit: The wiring con- 
nected to the secondary tcr:nlnalH 
of a transformer. Induction coll, 
etc. 

secondary currcats: Currents pro- 
duced hy indtictiun due to changes 
in current values In another cir- 
cuit. 

sctlloni An insulated length of 
lino or circuit fed by a separate 
feeder. 

sediment: I^osc material that drops 
off storage liattory plates and sep- 
arators into bottom of cell, 
segment: One of the parts into 
which an object Is divided; often 
used to refer to commutator bars, 
selector switch: A switch used in 
an fuitonialic telephone nyslom to 
locale an Idle line, 
selenium: A rare metal, the rcslst- 
niicu of which changes when un- 
der artlon of Itglit. 
self-cooled transformer: A trans- 
former in wlilch the windings are 
cooled by contact with air or oil 
and without additional means for 
radiation. 

self-dlseburge: The discharge of a 
cell due to leakage or short circuit 
inside of it. 

self-exelted: A generator in which 
the current In the field colls is 
produced by the generator Itself, 
self'laduced current: An extra cur- 
rent produced In a circuit by 
change of the current flowing In 
that circuit. 

nelf-lndnetance: The magnetic prop- 
erty of a circuit that tends to op- 
pose a change of the current flow- 
ing through that circuit, 
separators: Wood or rubber plates 
placed between the plates of a 
storage battery. 
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•eniMphorei A pout or stand sup- 
porting* a railroad signal, 
separatelr-eaeltedi A generator In 
which the current for the field 
colls Is obtained from another 
generator or battery, 
seriesi Connected one after aaothar 
so the same current will flow 
through each one. 

series are las^i An aro lamp In 

which the same current flows 
through all the lamps connected 
to the circuit. 

scries elreniti A circuit In which 
the same current flows through all 
the devices. 

aeries genei jitori A constant-cur- 
rent generator used for operating 
a street lighting circuit where all 
lamps are connected in series, 
aeries motori A motor where ell the 
current flows through the field 
colls and armature, because ^hey 
are connected In series, 
aeries-multlplei Same as series par- 
allel. 

aeries -parallel I An arrangement 
where several devices are con- 
nected Into scries groups and 
these groups aro connected In 
parallel with each other, 
series trassformeri A current trans- 
former. A transformer where the 
primary Is connected In series 
with the circuit. 

eeries wlsdlsgi A wave-wound arm- 
ature. A Hold coll winding 
through which the armature cur- 
rent flows. 

eervlee eossectlonsi The wiring 
from the distributing mains to a 
building. 

setv'lee ewltcfci The main switch 
which connects all thS lamps or 
motors in a building to the serv- 
ice wires. 

eer^'lee estniscei The place where 
the service wires are run Into a 
building. 

service wires i The wires that con- 
nect the wiring In a building to 
the outside supply wires, 
slesthi The outside covering which 
protects a wire or cable from In- 
jury. 

shell traasffermsri A transformer 
with the Iron core built around 
the colls. 

ehcllaei A gum dissolved In alcohol, 
which forms a good insulating 
liquid. • 


shersrdlslngi Coating iron or steel 
with sine to prevent rusting, 
short I A contraction for short cir- 
cuit. 

short cireulti An accidental connec- 
tion of low resistance Joining two 
sides of a circuit, through which 
nearly all the current will flow, 
abort shsnti Connecting the shunt 
fields directly to t)ie armature of 
a compound generator or motor 
Instead of having them In paral- 
lel with armature and series flelda. 
short time ratlsgi A device that can 
only operate for a short time 
without being allowed to cool, 
ahssti A parallel circuit. A bypase 
circuit 

shnst eolli A cnil connected In par- 
allel with other devices and 
through which part of the cur- 
rent flows. 

shnst fleldi A field winding con- 
nected In parallel with the arma- 
ture. 

shunt rntlot The ratio of current 
flowing through the shunt circuit 
to the total current, 
shunt winding I A winding con- 
nrrtcd in parallel with the main 
winding. 

ahnttle armatnrei An H-type arma- 
ture. 

silicon hronaei A bronse or brass 
containing silicon and sodium 
which give It strength and tough- 
ness. 

alllpon steel t An alloy *Jteel having 
low hysteresis nnd eddy current 
loss, used In transfonner cores, 
silk -covered vrirei Small copper 
wires Insulated by a covering of 
silk threads. 

simples elreulti A telegraph which 
sends In only one direction at a 
time. • 

simples windingi A type of arma- 
ture winding with two flarallel 
paths from one brush to another, 
slnt Abbreviation for sins of an 
angle: as sin SO*. 

sins of on nngloi In a right angle 
triangle It Is the length of the side 
opposite the angle divided by the 
hypotenuse. 

sine wnvei The most perfect wave 
form. An alternating-current 
wavs form. 
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■iBSle coataet lanipi An automobile 
lamp which has one contact In end 
at base which makea contact with 
the aocket; the aide oC the banc 
and aocket completea the circuit, 
elaslc phaaei A generator or circuit 
In which only one alternating- 
current voltage la produced, 
elaglr-pbaae drenlti A 2- or S-W'lre 
circuit carrying a alngle-phaac 
current. 4 

alagle-phaae motori An alternating- 
current motor dealgncd to operate 
from a alngle-phaae circuit, 
alagle-pole awltrhi A switch that 
opens and closes only one side of 
a circuit. 

slagle-atroke belli A boll that 
strikes only once when the circuit 
Is opened or closed, 
single-throw switchi A knife switch 
that can be closed to one set of 
contacts only Instead of two, oh 
with a double-throw switch, 
single-wire drenlti A circuit using 
one wire for one side and ground 
for the other aldo or return con- 
ductor. 

single re-cntmnti An armature 
winding In which the circuit is 
traced through every conductor 
before It closes upon itself, 
sinusoid I A sine curve, 
ala phasei A circuity or machine 
where the voltago waves are j[ 
of a cycle behind each other, 
skin effecti The action of Alternat- 
ing current that causes more of si 
current to How near tho outside 
than In the center of a wire, 
slntci A rock that Is cut Into slabs 
and used for switchboards. It Is 
a fair Insulator. 

sleet cntteri A device placed on the 
trolley wheel to cut or scrape 
sleet from the trolley wire of a 
railway system. 

sleeve Joints Joining the ends of 
two wires or cables together by 
forcing the ends Into a hollow 
sleeve and soldering them, 
aleevingi A small woven cotton tube 
slipped over the ends of armature 
leads to give additional Insulation, 
allde wire bridge i A Wheatstone 
bridge In which the balance la ob- 
tained by moving a contact over 
a wire. 

allpi The difference in speed be- 
tween the speed of a rotating 


magnetic flold and the rotor of an 
Induction motor. 

Blip rlagi A ring placed on a rotor, 
which conducts the current from 
the rotor to the esternal circuit. 
Collector ring. 

Bloti Tho groove In the armature 
core where the armature colla are 
placed. 

slot lasulatloBi Material placed In 
armature slot to insulate the colla 
for the core. 

slow-bnralng luaulatloBi An Insula- 
tion that chars or burns without 
a flame or blase. 

smooth eorei An aniiaturo where tho 
conductors are bound on the sur- 
face Instead of being placed In 
sluts or grooves. 

snap awltehi A rotary switch where 
the contaettoare uperuted quickly 
by a knob winding up a spring, 
sneak enrrenli A weak current that 
enters a tcluphoue circuit by acci- 
dent. It will not blow a fuse, but 
it will do damago If allowed to 
continue. 

sonklag ehargei A low rate charge 
given to a storage battery for a 
long time to cpitiovo oxcesa sul- 
]>hale from the plates. 

NonpNtonei A soft oily stone some- 
times used for Insulating barriers. 
Thu puwdcr is used when pulling 
wlrus Into conduit, 
socketi A lecuptacle or devluo Into 
which a lamp bulb Is placed, 
siiillum ehlorldei Common ordinary 
salt. 

soft-drawn wirei WIro that has been 
annealed and mndo soft; often be- 
ing drawn to also. 

soldering fluai A compound that dls^ 
Bulves the oxide from the sur- 
faces being soldered, 
soldering pastel A soldering flux 
prepared In the form of a paste, 
solenoldi A coll of Insulating wire 
wound in the form of a spring or 
on a spool. 

solenoid eoroi The soft Iron plunger 
or body placed Inside a solenoid, 
solid wirei A conductor of one piece 
Instead of being composed of a 
number of smaller wires. 
aoBBdevi A telegraph relay that de- 
livers a sound at the receiving 
end which the operator can under- 
stand, 

sonth polei The and of a magnet at 
which the lines of force enter. 
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■pace factori The actual crosa-scc- 
tlonal area of copper In a wind- 
ing divided by the total apace 
occupied by the Insulation and 
winding. 

■paabetti Inanlatloai A oloaaly 

woven cotton tube Impregnated 
with an elastic varnish that is 
slipped over ends of bare wires to 
Insulate them. 

■park roll I An Induction soil used 
to produce a high voltage which 
onuses a spark to Jump a gap. 

■park gapi A devlee which allows a 
high voltage current to Jump a gap. 

apark plugi A threaded metal shell 
having a center insulated con- 
ductor, wliluh Is screwed Into the 
cylinder of an automobile engine. 

■park voltagct The lowest voltage 
that will force a spark between 
two conductors Insulated from 
each other. 

■parking at bruabeni Small arcs or 
flashes occurring between the 
commutator and brush, due to 
poor contact or incorrect brush 
position. 

■parklcNs rommutatloni Operation 
of a direct-current generator or 
motor without any sparking at 
the brushes. 

speellle grnvityt The weight of any 
Volume of liquid or solid divided 
by the weight of an equal volume 
of water; or of any gas divided 
by an equal volume of air. 

epeelfle reelHtaneei The resistance 
of a cube of any material which 
Is one centimeter long on each 
edge. 

speed coanteri An instrument that 
records the number of revolutions 
made by a shaft. 

speed vegalatloBi The per cent of 
full load speed that the speed of a 
motor changca when the load Is 
suddenly removed. 

sphere gapi A spark gap formed be- 
tween two spheres fastened to 
conductors. 

spherlenl eaadlc-powert The average 
candle-power from a light meas- 
ured in all directions. 

spideri A cast-iron frame with ra- 
dially projecting arms on which 
the rotating part of an electrical 
machine Is built. 

splleei The Joining of the ends of 
two wires or cables together. 


■pllce boxi An Iron box In which 
cable connections and splices are 
made. 

split knobs I Porcelain knobs made 
Into two pieces to receive a wire 
or cable and hold together by a 
screw. 

split phasci Obtaining currents of 
different phases from a single- 
phase circuit by use of reactancoa 
of different value In parallel cir- 
cuits. 

split-phase niotort A three-phase 
motor that Is operated by split- 
phase current obtained from a 
slnglo-pliaso circuit, 
spill-pole converter! A synchronous 
converter with divided or addi- 
tional Held poles for regulating 
the voltage. 

sponge lead I Porous lead used In 
the active motcrial of the nega- 
tive plate of an acid storage bat- 
tery. 

spot weldlagt Uniting two metala 
together by electric welding them 
at several spots. 

sqnare mil: The actual area of a 
wire or cr>ndu(*tor expressed in 
mils. The part of a 

square Inch. 

squirrel engei The arrangement of 
copper rods in cylindrical form 
and fnstcncti to copper rings at 
each end df the rotor core of an 
Induction motor. 

squirted fllnniruti The old method 
of forcing a soft material for a 
lamp flianicnt through sniull holes 
■taggering of briiNlieiii^^Arranglng 
the brushes on a commutator so 
they will nut ai> bear or rub on 
the same place 

atalllag torque: The twisting or 
turning power of a motor. Just be- 
fore the armature stops turning, 
due to heavy load being applied, 
standard eaadlei A standard of 
lighting power. * 

■tnadard erlli A primary cell that 
gives the legal standard of' volt- 
age. 

standard ohmi The unit of resist- 
ance. 

standard resistance i An accurate 
resistance that is used for com- 
parison with unknown resistances, 
stand-by batteryi A storage battery 
connected to the dlatrlbutlon sys- 
tem to carry the load should the 
generators fall. 
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■tatle maAlneai Generators that 
produco static electricity, 
star coaacetloni Connecting one end 
of each phase of a three-phase 
circuit or machine together, thus 
forming a common point called 
the neutral. A Y-connection. 
staitrri A device that enables a 
safe current to be supplied to a 
motor when startinff. 
startlnR battrryi A storage battery 
designed to deliver current to a 
motor used for starting an auto- 
mobile engine. 

Ntarting boxi A rheostat used for a 
short time when starting a motor. 
Ntartlng current i The current taken 
bv a motor when starting. 

HtnrtlnK luotori A motor used for 
rr<ink)iig nn iiutomobile engine. 
Mtnrtinsr rheostnti A starting box. 
afartinic toriiuri The tin nlng power 
lU'oduoed by a motor when tbe 
rotor liHgliis to turn on that 
power- required to start a ma- 
chine at rest. 

ntatlc charge! A quantity of elec- 
trleity existing on the plates of a 
condenser. 

static clcctrlcltyi Electricity at rest 
as distinguished from electric 
current, which is electricity in 
motion. 

static generator! A machino pruiluc- 
ing static electricity. • 
static transformer! An ordinary 
transformer In which nil parts are 
stationary as distinguished from 
the earlier constant-current trans- 
former with a moving coll. 

Staton The st.'itlonary part of an 
Induction motor on which the field 
windings are placed, 
steady current i A direct current 
whose voltage does not change or 
vary. 

step-doans! Reducing from a higher 
to a lower value, 

strp-np! Increasing, or changing 
froiy a low to a higher value, 
atop charge device! A device that 
disconnects a storage battery 
from the charging circuit when it 
is completely charged, 
storage batteryi A number of stor- 
age cells connected together to 
give the desired current and volt- 
age and placed In one case, 
storage cell! Two metal plates or 
sets of plates immersed in an elec- 
trolyte in which electric current 


can he passed Into the cell and 
changed again Into chemical en- 
ergy and then afterwards changed 
again Into electrical energy, 
strain lasnlator! An Insulator placed 
In a guy wire to Insulate It from 
the current-carrying wire, 
atraaded wlresi Wires or cables 
composed of a number of smaller 
wires twisted or braided together, 
stray nureati Purrent Induced in 
a conductor or core anil wlilcli 
flows in these parts. The return 
current of an electric railway sys- 
tem that flows through adjacent 
pipes and wires Instead of tho reg- 
ular return circuit, 
atray fleldi MagiiPtlc lines of force 
that do not pass through tho reg- 
ular path atfd thereforo do not do » 
any useful work. 

stray fluxi The lines of force of u 
Btiay magnetic field, 
stray powrri Tho power losses of nn 
electrical machine due to heating 
effects. .'IS friction, hysteresis, and 
eddy currents. 

strength of enrrenti Tho number of 
amperes flowing through the cir- 
cuit. 

strength of magnetism i The number 
of magnetic lines of force per unit 
of area. 

strip fuse! A fuso made from a flat 
piece of metal. 

Stubs’ wire gauge! An Iron wire 
gaugii, often called Birmingham 
wire gauge. 

sub-station! The building or place 
where one form of electrical en- 
ergy is changed into another, as 
alternating current into direct 
current, high voltage to low, or 
the reverse. 

nalpbotlag! The forming of a hard 
white substance on the plates of 
a storage battery, 
snlphurle acid! The kind of acid 
that 1 b diluted and put in a lead 
storage battery. 

sapexposed elrcaiti An additional 
circuit obtained from a circuit 
used for another purpose without 
Intorferlng with the first circuit, 
aartaeo leakage! The leaking of 
current over the surface of an In- 
sulator from one metal terminal 
to another. 
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■arK««i An oactllatlnK hlffh voltaere 
and current waves that travel over 
a transmission line after a dis- 
turbance. 

snrirfn* dInclinrKei A high voltage 
oscillating discharge. 
snsecptaBcci One of the components 
In an alternating circuit; the 
power component la called con- 
ductance and the wattless com- 
ponent Is called susccptance. 
snsceptlbllltyi The ratio of the 
amount of magnetism produced In 
a body to the magnetsing force. 
BuspcBslon Insulstori An Insulator 
hung from a support and with the 
conductor rustened to the bottom 
of the Insulator. 

swlngtag cross I The blowing to- 
gether of the wires of a trans- 
mission line, causing a short-cir- 
cuit. 

switch! A device for closing, open- 
ing, or changing the connections 
of a circuit. 

switch Made I The movable part of 
a switch. 

switchboard I The panel or supports 
upon which are placed the 
switches, rheostats, meters, etc., 
for the control of electrical ma- 
chines and systems, 
switchboard Inatrumcntsi Meters 
mounted on a switchboard, 
switch house or roomi The part of 
the building In a power plant 
where the high voltage switches 
are located. 

switch platci A small piato placed 
on the plastered wall to cover a 
push button or tumbler switch, 
switch tongue I The movable part 
of an electric railway track 
switch. 

symboli A letter, abbreviation, or 
sign that stands for a certain unit 
or thing. 

syuchronlsmt Alternating - current 
voltage waves that have the same 
frequency and reach their maxi- 
mum value at the same Instant, 
synchroulsci ' To bring to the same 
frequency and In phase, 
synehroutscri A device for Indicat- 
ing when two machines are In 
synchronism. 

synchrouoseopci An Instrument 
which shows when two maclilnes 
are In synchronism and which ma- 
chine Is leading the other In 
phase. 


synehvouous eondensevi A syn- 
chronous motor operated without 
load and strong field current In 
order to Improve the power fac- 
tor. 

synehronons eonverteri A direct- 
current motor fitted with collector 
rings and used to change alter- 
nating to direct current, 
syuehronons mofori An alternating- 
current motor whose speed Is In 
proportion to the frequency of the 
supply current and the number of 
poles In the machine. 
syuehroBouB p h b s e advBBCcvi A 
synchronous motor operated as a 
condenser to Improve the power 
factor. 


Tt Abbrovintlon for temperature, 
ft Abbreviation for time In seconds. 
Tbi Chemical symbol for tantalum. 
T-eoBBeetori A connector Joining a 
wire to two branch circuits. 
T-spllcet A connection Joining the 
end of one wire to the middle of 
another one. 

fsehometeri An Instrument that 
shows the number of revolutions 
per minute made by a shaft, 
talei Powdered soapstone. 

Isnt An abbreviation for tangent Of 
an angle. 

iBBgrnli A straight line that Just 
touches the circumference of a 
circle. 

tangent galvanometeri A galva- 
nometer operated by current pass- 
ing through a coll overcoming the 
earth's magnetism, 
tspi A wire connected some dis- 
tance from the end of the main 
wire or conductor, 
tapei A narrow strip of treated 
cloth. 

tspcviBg charge I Charging a stor- 
age battery at constant voltage. 
The rate of current flow wijl de- 
crease as the battery becomes 
charged. 

taplngi Wrapping layers of tape 
around a wire, coll, or conductor, 
teaser wladlngi An extra winding 
on the poles of a series wound 
dynamo. 

teeth of anaatwet The projections 
between the slots In an armature, 
telegraph I A system of sending 
messages by dot and dash signals. 
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felvcnpk rdapt A relay um 4 In a 
telegraph circuit. 

telegraph eodci The dot and daeh 
Bignala ueed for lettera or worda. 
telephoBei A device that tranemtta 
speech and sound from one place 
to another by electric currents, 
telephone cahlei A number of small 
Insulated copper wires bound to* 
gether and covered with paper, 
cotton, braid, or lead covering, 
telephone eondenseri A condenser 
used In a telephone circuit, made 
by rolling strips of tin foil be* 
tween sheets of paraffin paper, 
telephone cordi Several very flexible 
wires covered with a cotton braid. 
Used to connect one part to an* 
other. 

telephone eaehangei The place 
where all telephone lines end and 
connections are made from one 
line to another. 

telephone Jneki A receptacle into 
which ‘a plug is placed when con- 
necting one telephone line to an- 
other. 

telephone eeeelveri A device that 
changes electric current In the 
telephone circuit Into sound, 
telephone repeating colli A trans- 
former used to reproduce the sig- 
nals from one circuit to another, 
telephone seti All tlie parts, such as 
transmitter, ringer, receiver, etc.. 
Installed for the subscriber’s use 
on his premises. 

tempemturci Condition In regard to 
heat and cold. 

temperature* coefficient I The rate of 
change In resistance per degree 
change in temperature, 
tempemtore correctfloni The amount 
that must be added to a reading 
taken at one temperature In order 
to make it comparable with the 
same reading ta|cen at a stand- 
ard temperature. 

temperatnre rlsci The difference In 
temperature between a certain 
part of a machine and the sur- 
rounding air. 

tcBsloni The degree of stretching; 
also sometimes used to refer to 
voltage, difference of potential, or 
dielectric stress. 

termlnali A connecting device 
placed at the end of a wire, appli- 
ance, machine, etc., to enable a 
connection to be made to it. 


terminal Ingi A lug soldered to the 
end of a cable so It can be bolted 
to another terminal, 
terminal pressnrei The voltage at 
the generator or source of supply. 
Tesln colli An Induction eoU on a 
transformer without an iron core, 
used to produce high frequency 
currents. 

test ellpf A spring clip fastened to 
the end of a wire used to make 
copnretions quickly when testing 
circuits or devices, 
tent lampi An Incandescent lamp 
bulb and socket connected In a 
circuit temporarily when making 
tests. 

test point 1 The metallic end of an 
insulated conductor used In mak- 
ing tests. 

test seti Klectrlcsl instruments and 
devices used for testing, mounted 
for convenient use. 
testing tmnsformeri A transformer 
designed to deliver a number of 
different voltages, and used in 
trstlng for defects, 
theater dimmers i Variable rheostats 
counectud in scries with a light- 
ing circuit to control the voltage 
to the lamps and amount of light 
produced by them, 
thermal I Pertaining to heat, 
thermoeonplet Two different metals 
welded together and used for the 
purpose of producing thermo-elec- 
tricity. 

thermo-eleetrleltyi Blectrlclty pro- 
duced by the heating of metals, 
thermo-gslvanometcri A galvanom- 
eter operated by the heating effect 
of a current acting on a thermo- 
couple. 

thrrmometersi Instruments for In- 
dicating relative temperatures, 
thermostat I A device that opens and 
closes a circuit when the tempera- 
ture changes. 

thlrd-hmsh generatori A small gen- 
erator placed on an automobile to 
charge a storage battery, 
third-hnieh vegnlatloat A generator 
whose voltage Is regulated by ar- 
mature reaction and the shunt 
field current obtained from a third 
brush bearing on the commutator, 
third ralli An Insulated rail, placed 
along aide of the rails on an elec- 
tric railway, which aupplles the 
power to the care. 
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tbree-pbaae 

(hrre-phaMri A Reni'rator or circuit 
dcllvcrlnir throe voltuf^es that are 
I of a cycle apart In reaching 
their maximum value. 
three-pbaMr clrcalti A circuit dellv* 
cring thrcc-phaso current. 
tbrce-pliaMe motori An alternating- 
current motor that la operated 
from three-phase circuit, 
thrrc-polci A switch that opens and 
closes three conductors or circuits 
at otic time. 

tbree-wny swltphrsi A switch with 
three termln.'ils by which a cir- 
cuit can he completed throiiffh any 
OTin of two paths. 

thrcp-wire circulti A circuit using 
a neutral wire In which the vult- 
agp between outsldi wires Is twice 
that between neutral and each 
side. 

threp-wlrr srenerators A dl'*cct- 
current generator with a hnlnecer 
coll connected to the Hi'inaturo 
windings and the middle point of 
tho balancer coll connected to the 
neutral. 

tie wlrei A short length of wire 
used to fasten the oveihead wiies 
to a pin Insiilatoi. 
time switch t A switch controlled hy 
a clock that opens and closes a 
circuit at the desired time, 
tlmeri A device that opens the pri- 
mary circuit of an Induction coll 
at the right time to produce a 
spark to lire the charge In an in- 
tcrn.'il comhustlon engine, 
tinfolli Sheets of tin rolled out 
thinner than paper, 
tinned wlrei 'Wire covered tilth a 
coating of tin or solder, 
torquei Tho tw'lstlng or turning ef- 
fort. 

torsion dynnmometeri An Instiu- 
ment that measures the toiquc of 
a mneblno bv twisting a cali- 
brated spring. 

trnefc elreulti The circuit through 
the rails and bonds, 
tnek Tctnrni The return circuit 
formed by the rails and bonds of 
a track. 

train lighting bntieryi A Btor.age 
battery used to furnish elcctrleitv 
for lighting railroad cars, 
transformer! A device used to 
change alternating current from 
one voltago to another. It con- 
sists of two electrical circuits 


JO tnngnr reetiber 

Joined together by a magnetic cir- 
cuit formed In an Iron core, 
tranflformer collt A part or one of 
the windings of a transformer, 
transformer etDcicneyi The power 
delivered by a transformer divided 
by the power Input to It. 
transformer loss. The difference be- 
tween tho power Input and out- 
put. 

transformer oil I Oil used In a trans- 
former to Insulate the windings 
and carry away the heat, 
transformer rntloi Tho ratio of tho 
prlmiary to the secondary voltages, 
transformer siibstntloni A 8Ub.sta- 
tlun where tho alternating-current 
voltage is stepped up or down by 
use of transformers, 
trnnsltei A kind of asbestos lum- 
ber used for Insulating barriers In 
dry places. 

transmission llnei High voltage 
conductors used to carry cluctrlcal 
power from one place to another, 
transmlttert The telephone device 
that receives the speech and 
changes It Into electric cut rent, 
transposition I Clianghig tlie relation 
of telophune and oloctrlc light 
wires to each other In order to 
cuunll'/e tho Inductance and pre- 
vent cross talk. 

trickle chnrg^t A low rate of charge 
gi%en a storage batters'. 
trlphoNci Same as three-phase, 
irlpic-polc switch I Same ns a three- 
polo switch 

trollc.r wire: A wlic sujiportcd over 
thii tracks of *:.> electric railway 
whic,' curries the power for oper- 
ating tho cars. 

true reslstancei Actual resistance 
measured In ohms as compared to 
countcr-clcctroinotlve force, 
trunki The wires or circuits be- 
tween switchboards |Or telephone 
exchanges. 

tulle Insulntori Insulating ma'terlal 
made in the form of a tube and 
used to carry conductors through 
walls and partitions, 
tumbler swltehi A switch similar to 
a (tush push button, but operated 
by pushing up or dow*n on a short 
lever. 

tnngnr rectlllert A rectifier using a 
tungar bulb made or licensed by 
the General Klectric Company. 
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raraliikrd rambrle or riofb 


lUBsatoBi A vtfry hard metal 'with a 
hiffh meltlns point that roalsts the 
efferta of arclnff. 

tuBBoten fllameBti A filament made 
from tungsten and used In a lamp 
bulb. 

tuBBsteB steel I An alloy of steel 
and tungsten whleh prodiiei*<} a 
hard tempered .steel whioh retnlna 
this property Avhen lie.ited a liiiU 
red. 

tvriB cablet Two Insulatfd wires 
running side by side without be> 
iiig twisted and oovored with a 
braid. 

tsviNteil pnirt Two rubl>er*(‘ovi-r<‘d 
telephone wires twisted liigetlier 
atid issed to rnnneet subset iber'a 
art to overhead w'lres or e.ible. 
two-phase eirenitt A < Ireult In 
wlileli there are two voM.iges dif- 
fering by one ouarter of n evcie. 
two-phnse Biotori A muter made to 
be opera tod from a two'pbase cir- 
cuit. 

two-phase Keneratori g(:nersiti>r 
producing two-phase current, 
two-piilei A switch that opens or 
closes both sides nl a circuit or 
tw’o circuits at one time, 
two-wire elreniti A circuit using 
two wires. 


U 

nltra violet ra>st T..lght rays that 
are beyond the violet color and 
not visible. 

unbalance loadi A dlhlribiition sv.s- 
tem where there Is a greater load 
on one phase or side than on the 
other. 

undamped waves i Radio 'wii -'es 

whose maximum rise and fic- 
quency Is constant. 

UBder-charged batteryi A storage 
battery that has, not been sufll- 
clently chawed. 

under -com pounded I A compound- 
wouTid generator In which the 
voltago drops as the load in- 
creases. 

under-cut mlcai Cutting the mica 
between commutator aegments be- 
low the surface so it will clear the 
brush. 

Underground cabici A cable Insu- 
lated to withstand water and elec- 
trolysis and placed In underground 
conduit. 


underload rlreult brenkeri A con- 
duit breaker that opens when the 
load drops below' a certain value, 
underload relayi A relay that op- 
erates another circuit when the 
load drops below a certain value, 
rndrrwritrrs* Codei The National 
Klectric Code. 

unldlreetlonnl eurrenfi Current that 
ttows in one direct ion. 
iinlphnsei .V ainglo-phaae alternat- 
ing current 

unlpolari liii\itig one pole, 
unit prleei ('o*ct of one piiM'e. font, 
pound, or whatever niiinluT Is 
taken :i.s a unit for ti)at particular 
niaterl:il. 

wnlonderi A device that ri iiiovi's ll<c 
load from n machine, such :ih a 
conipri .sMT, w'hen a motor I-* 
starting It. • 

V 

V: Abbri>vi:itlnn for volts or poten- 
li.il dilTci ciice. 

V.T.t .Mibri'V inllnn lor vucnnrn tube 
or cli>ciroii tnliij. 

xaeiinm cleaner i A machine that 
sucks du*>t nnd dirt out of mgs, 
drapes, nplinlsterv, ett*. 
laeiium Impregnated i Filling (he 
s|>.iccM bilwi'cii clcitrlc p,irtH witi> 
an iTisnlatirig compound wlillii 
ilicy arc placed In a vacijiim. 
vneiiiim tiiliei Any kind of a bulb 
or tube iiom which the air has 
lu-Mi ri'iiiovcd. 

«ap»ri A g.iH froni a Hiibstanrn Hint 
is nriliiiarllv a lliiuld or solid, 
xnpor rrefifleri .\ mercury are. rec- 
tlller. 

variable eondenneri A condenser 
W’hoso r.iparlty ran be varied, 
xarinble reMlnlaneei A rcslslancn 
tlial can bo (hangcil or adjusted 
to digeienl values, 
xwrlnbl e-speed generntori A gen- 
erator operated at different speeds 
w'lth a motbod of regulation which 
causes It to deliver a constant 

Vfillage. 

«arlnble-Npeed motori A motor 
whoso speed depends upon the 
load. 

Varley loopi A method of locating 
a cross, short-circuit, or ground 
on telephone or telegraph lines, 
varnished cambric or cloth i Cotton 
cloth treated with an insulatlnc 
varnish. 
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vretori A line whose length and 
direction represents a certain 
physical quantity. 

vector dlagraoii A diagram that 
shows relations by use of vectors, 
verdigris 1 A substance called cop* 
per sulphate that forms on copper 
by the action of sulphuric acid, 
viliratlng reetlderi A device that 
changes alternating current Into 
direct current by means of a vi- 
brating contact that closes the cir- 
cuit for one-half of the cycle and 
opens It when the flow of alter- 
nating current is in the opposite 
direction. 

vibrator coin An Induction coll used 
as an Ignition coil, 
volti A unit of electrical pressure 
or electromotive force, 
voltage eolli A coll connected across 
the line so that the current flow- 
ing through it changes afc the 
voltage changes. 

voltage dropi The difference in pres- 
sure between two points In a cir- 
cuit caused by the resistance op- 
posing the flow of current, 
voltage loss I The voltage drop, 
voltage regnlatost A device for 
keeping a constant voltage at a 
certain point. 

voltaic bolteryi A number of pri- 
mary cells connected In scries or 
parallel. ' 

voltaoimeteri A voltmeter and am- 
meter combined In one case and 
iiaing tile same movement, but 
having separate terminals, 
volt-ampere I The unit of apparent 
power: it Is the product of the 
pressure times the current, 
voltmeteri An Instrument that 
ahowa the preaaure or'voltago of a 
circuit 

vuleabestoai An asbeatoa and rub- 
ber composition used to make 
moulded parts. 

valeaaltei A kind of hard rubber, 
vuleaalsed flberi An Insulating ma- 
terial made of paper and cellulose 
under heavy pressure. 


W 

Wi Abbreviation for watt. 
W.A.B.I.I Western Association of 
Electrical Inspectors, 
wall boat A metal box for awltches, 
fuses, etc., placed in the wall. 


wall teanlafori An Insulating tube 
used to protect a conductor paaa- 
ing through a wall, 
wall Boekcti An electric outlet 
placed in the wall so that conduc- 
tors can be connected to It by 
means of a plug, 

water-cooled tramsforoicrt A large 
transformer having colled pipes 
Inside It through which water 
passes. 

water rbeoetati A rheostat that has 
Ita terminals placed In water 
through which the current flows, 
watti The unit of electric power, 
watt-honri The use of a watt of 
power for an hour, 
watt-hoar meteri An Instrument 
that records the power used In 
watt-hours. 

watt meteri An Instrument used to 
indicate the power being used In 
a circuit. 

watt minntei A power of one watt 
being used for one minute. gg 
of a watt-hour. 

wattlmai Not having any power or 
doing any useful work, 
wave meteri An Instrument used to 
determine the wave length or fre- 
quency of a radio broadcasting 
station. 

wB«e wlndlngi An armature wind- 
ing with the end of the colls con- 
nected to commutator bars that 
are nearly opposite each other In 
a 4-pole machine. 

weatberproofi Cmatructed so It will 
resist the action of rilln, sun, etc. 
w e I d I B g traoBformrri A trans- 
former built to deliver a large 
current used to heat metals to a 
welding temperature. 
weldiBg flBxi A material, usually 
borax, used to remove scale from 
the joints being welded. 

Weatera UbIob aplleei A method of 
uniting two wlrea togethsr by 
wrapping each one about the 
other. 

Weatem eelli A primary cell that 
baa a constant voltage and used 
aa a ataadard source of alactrlcal 
preaaure. 

wet Btoragei A method of keeping 
a storage battery whan It Is not 
being used without removing the 
acid or plates. 
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■lao WMerr 


WfeMlatoB* brfdsci An eleetrlcnl 
balance used to meaeure reelet* 
ance by eomparlnff a known re- 
■istance with an unknown. 

wladasei The realatance of air 
airalnat the rotating part of a 
machine. 

wlpins contact I A contact that ruba 
between two other contacta. 

wirei A alender rod of drawn metal. 

wire snnvei A method of exprcaalng 
the dlatneter of different wlrea. 

wired radloi Tranamlttlng radio 
meeaegea along telephone, electric 
light, and power linea Inatead of 
directly through the air. 

wiring connectort A device for Join- 
ing wire to another. 

wiring symbolci Small aigna placed 
on a wiring diagram to Indicate 
different devlcea and oonnectlona. 

wand nepnmtori A thin aheet of 
wood placed between the platca of 
a atorage. 

wronght Ironi A kind of Iron that 
can be oanlly magnetized. 


X 

SI A aymbol used to repreeent an 
unknown quantity. 

SI A aymbol for reactance, ex- 
preaaed in ohme. 

X-myi A kind of ray that paaaea 
through moat materlala aa If they 
were tranaparent. 


Yi A aymbol for admittance; the 
unit of which la mho. 
Y^conncctloni A star connection: 
the Joining together of one ‘end of 
each phaao of a S-phano machine, 
yokel The Iron frame of a genera* 
tor or motor to which the mag- 
netic pole plecea are faatenod. 


Ki Symbol for Impedance, 
aero potcatlali Not having any volt- 
age or prcaaure. 

Bine battcryi A primary cell In 
which the electric current la pro- 
duced by zinc platee Immeraed la 
an electrolyte. 
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IV, 

111 

current test 

IV, 

193 

dielectric strength tests 

IV, 

191 

electrical resistance tests 

IV, 

184 

ercetion of machine 

IV, 

100 

mechanical tests 

IV, 

171 

opc ration 

IV, 

167 

{lower test 

IV, 

199 

{irotectivu apparatus 

IV, 

177 

A'ofe . — for pagf number*, aee 
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selection of machine 

IV, 

99 

speed test 

TV, 

195 

tonjne lest 

IV, 

197 

troubles and reined ies 

IV, 

208 

Hiring l•ollnecti^ns 

IV, 

114 

vidtage test 

IV, 

193 

E 



Kleetrie-are welding 



butt Hidil 

IV, 

537 

detiositing metal nith are 

IV, 

534 

effect of iinpiirilies on weld 


• 

IV, 

530 

expansion and contract ion 

IV, 

542 

fillet welds 

JV, 

539 

lap welds 

IV, 

540 

length of are 

IV, 

.521 

loekeil'iip stresses 

IV, 

543 

pnrallel bemls 

IV, 

.537 

stabiMly of arc 

IV, 

522 

strength of welds 

IV, 

548 

striking the arc 

IV, 

.533 

lest of welds 

IV. 

5 to 

types of welded joints 

IV, 

527 

welding east iron 

IV, 

545 

welding elect rodes 

IV, 

523 

Electric bells 



nniiuneiator wire 

vr, 

227 

anniiiiciators 

VI, 

235 

bell-ringing t ransformcr 

VI, 

233 

tN?IIs ami bu7./.ers 

VI, 

228 

push buttons 

VI. 

227 


Kloftrii; rurront I, GO, 57, 54, 79, 

98, 105, 117, 124, 135 

145; Vir, 483 
Klertric furiia(>c VII, 483 

Elect rir heaters 

1, 155; Vri, 487; VIII, 177, 308,488 
Klortrie liouHclioId appliances 

1, 154; VIII, 177 
motor 'driven appliances VI, 267 
heating appliances VI, 257 

Elect ric lighting 

definitions VII, 31, 09 
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Electric lighting (roiittiiiio«l) 


Electric wiring (continued) 


diffusion of light 

vrr, 

09 

industrial light and power 


interior lighting 

vn, 

133 

installations 

VI, 

115 

])hotonicteT8 

VII. 

202 

industrial power 



idnniiing lighting system Vir, 

106 

installations 

VI, 

88 

reflertors end cuelosing 



motor wiring tables 

VI, 

89 

glassware 

vri, 

77 

iiou-inctallic sheathed 



street lighting 

VTT, 

190 

cable 

VI, 

72 

units of ineuHuroineut 

VII. 

11 

splicing wires and cables VI, 

IG 

Electric lighting of trains 



voltage drop tables 

VI, 

100 


; VIII, 

311 

wires in flexible steel 



aiiipero-h(.tir meter 

VII, 

304 

conduit 

VI, 

63 

general priiieiples 

VIT, 

217 

wires in metal molding 

VI, 

38 

mninteii.‘inf‘C of equip- 



wires in rigid conduit 

VI, 

4o 

ments 

VIT, 

299 

wires in wood molding 

VI, 

36 

tyiiieni systeiiis 

vn, 

226 

wiring switches 

vr, 

76 

Elcetrie. locuiiiiitivcs 

I, 634 . 


Electrical distribution 

VI 11,93 

-190 

VI TI, 444,4W,4r.7, 

4fl4, 472, 

,477 

elnssification of systems 

VIII, 

108 

Kleetrie. ])(t\vor plant 

VITI, 

360 

design of circuits 

VTIT, 

99 

Kloetric power systems 

V, 

14 

distribution in cities 

VlIT, 

116 

Eloetrie railways VllI, 193-431 

general featurm 

VITI, 

93 

ear equipiiuMit and main 



properties of coiiduetors 

VITI, 

93 

tenaaeo 

VI 11, 

302 

rural ilistribntion 

VlIT, 

181 

distribution sysU'm 

VI ri. 

398 

Electrical measurements 



oiigiiieuring features 

VllT, 

193 

distribution of energy 

III, 

326 

nuiinteiianee of rolling 



instrument calibration 

III, 

312 

stoek 

VIII, 

341 

maximum demand measure- 


meehniiies of ear move- 



ment 

III, 

399 

ment 

VIII, 

331 

measuring instruments 

III, 

267 

power plants 

vin, 

366 

resistaiirn meiuiirenient 

III, 

2.^7 

purpose Ilf 

vni, 

193 

units of incasurcmont » 

III, 251, 

,326 

rolling stoek and equip- 



wutt-hour meti r*. 

III, 

344 

ment 

VI II, 

194 

Electrical measuring instruments 


sigiuil systems 

VIII, 

424 

clcctrodynamowcters 


273 

track eoMstruetion 

VII I, 

281 

electrolytic instruments 

III, 

257 

tniiiMiiiissiou 

VIII, 

387 

electromagnetic instruments 


Electric refrigeration 

VI. 

273 

1 

III, 

271 

Electric wiring 



electrometers * 

III, 

281 

apartment building wiring VI, 

141 

galvnnonietera 

in. 

261 

eoneealod knob and tube 



hot-wire instruments 

HI, 

269 

wiring 

VI, 

29 

induction instruments 

III, 

282 

copper wire table 

VI, 

08 

power factor meters 

III, 

286 

costs 

VI, 

107 

precautions in\i8ing 

III, 

320 

exposed wires on insulators VI, 

12 

Electrical transmission lines 


factory building wiring 

VI, 

175 

1, 237,244; 

V,13; 


tint building installations VI, 

128 

VIII, 11-90, 

182,362,387 

important rules 

VI, 

11 

enlcuhition of lines 

VIII, 

14 


Natti^For page nuwthere, »ee fool of page. 
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Electrical tranamisaiou linea (cont'd) 

Electromagnets 



conductors 

VIII, 31 

apjdicutiutt of 

HI, 

487 

country service 

VJir, 182 

coil construction 

III, 

443 

high-tension factors 

VIII, 22 

faults in 

III, 

403 

line construction 

VIII, 42 

Oux 

III, 

437 

line insulators 

VIII, 62 

dux density 

ni, 

440 

operation of 

Vril, 82 

inagiieiic circuit, law of 

III, 

435 

poles 

VIII, r.7 

iimgnetic intcnsily 

HI. 

440 

fioiii power plant 

VI 11, 362, 387 

magnetomotive force 

Ill, 

436 

Electricity and nuigiictism 1, 1 1-240 

permcuhility 

HI, 

438 

ilyiiiiiiio-elcctric iiiachinra I, 205 

rehudnnee 

HI, 

437 

electric current 

I, 70, Uo, 149 

types of 

III, 

455 

electric generators 

I, 45 

EI(H;trrM!c8 V If, 439, 442, 491 

electricity in inutioii 

1. 50 

Elect rolysis 1 , 98, 4 15 ; 

VIT, 

438 

iinluced currents 

1, 101 

viir. 

420 

iiiilu(tion coil 

1, 170 

Elect ruplating I, 145; 

VII, 

453 

magnet isin 

I, 11 

Elect rotyping 

1, 

140 

priniary cells 

1, 00 

Eliiiiinators 

VI, 

3!I5 

radioactivity 

I, 1S7 

iiisUilling A-eliininniors 

VI, 

890 

radiotelugraphy 

1, lUO 

installing B-eliiiiiimtors 

vr, 

390 

static electricity 

1, 24 

1 roubles 

VI, 

397 

telcpliuiiu 

I, 197 

Energy disliibiitiuii 



Klectrocliemistry 

VII, 437-522 

polyphase circuits 

nr. 

330 

electric fiiriiacu 

VI I, 483 

series circuits 

nr. 

330 

clct'trnlysis 

VII, 438 

tlirce-v\ire circuits 

III, 

329 

tixation off nitrogen 

VI I, 515 

two-wire eircuits 

HI, 

327 

Electrodynaiiioiiietera 

• 

Exposed wires on iiisulat-uis 



Kelvin balance 

nr, 274 

Imsliings 

VT, 

15 

porta tile instruments 

III, 278 

insulators 


12 

preeiaion instnniieiits 

IN, 270 

protection cm ceiling, sidu 

w 


principle olfaction 

111, 273 

walls, floors 

vr. 

22 

Hieiiieiis 

III, 274 

separation of comliicturs 

VI, 

13 

Electrolytic instruiiicuts 


service mains 

vr. 

25 

Jhistiaii meter ^ 

lir, 257 

splicing wires and cables 

VI, 

16 

litrisoii chemical meter 

in, 258 

stringing wires 

VI. 

27 

voltameter 

HI, 257 

Miip]Kirts for wires 

VI, 

24 

Wright rfleter 

III, 258 

sw'itch and cutout cabinets 

vr, 

20 

Electromagnetic instruments IIT, 271 

when used 

VI. 

12 

Eloc^pmagiietie waves 

VI, 320 




characteristics of 

VI, 325 

P 



detection of 

VI, 331 




ether 

VI, 320 

Factory building wiring 



formation of 

VI, 320 

circuits, outlets, switches 

VI, 

185 

proiluctiou of 

VI, 322 

eondiiit fittings 

vr. 

219 

radiation of 

VI, 323 

constrfietion of Imilding 

VI, 

175 

stntioiiary 

VI, 327 

installing meters and 



wave-lengths 

VI, 328 

switches 

vr, 

215 


A'o<r.— For pagw numben, see /oot of page. 
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Factory building wiring (continued) 


layout of buHcmcnt 

VI, 

188 

layout of main floor 

VI, 

194 

layout of second floor 

VI, 

201 

layout of third floor 

VI, 

207 

lighting fixtures 

VI, 

223 

lighting fuse cabinets 

VI, 

221 

locating outlets on circuits 



VI, 189, ion, 202, 207 

location on light and power 



cabinets 

VI, 

185 

location ''f outlets 

VI, 

178 

requirenicnts fur power 

VI, 

177 

si so of lamps 

VI, 

184 

total lighting load 

VT, 

213 

Farm lighting outfits 



I, WO; 

Vlf, 

176 

ladt driven systt'ins 

11. 

434 

description 

11. 

433 

direct -cun nucted sets 

II, 

439 

sixe of outfit 

II, 

440 

vnltuge regulation 

11, 

433 

Field coils 



asseiiibling 

H. 

106 

grounded 

11, 

102 

rewinding 

11, 

104 

short- or opcn-eircuitod 

II, 

103 

Flat-pliiiigcr electromagnet 



calciibition of pull 

III, 

4o8 

comparison of theoretical test 


data 

HI, 

462 

vs. cone-plunger type 

111, 

472 

return ]iath of iron 

111, 

458 

standard magnets * 

111, 

404 

Flux 11,323; 

III, 

437 

Flux density 1 1, 334 ; 

III, 

440 

Frequency meter 

III, 

284 

Galloway boiler 

IV, 

20 

Galvanometers 

I, 

55 

astatic 

III, 

262 

b:Ulistic 

Til, 

260 

choice of 

III, 

267 

dumping of swings 

in. 

267 

D'Arsonval 

III, 

265 

differential 

III, 

263 

Votej—For page numbers, see foot of 

paifo. 
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Galvanometers (continued) 

mirror 

III, 

264 

principle of action 

III, 

261 

tangent 

III, 

262 

Gas plant 

IV, 

46 

Gaseous rectifier tube 

VI, 

469 

General electric arc welder 

IV, 

459 

General Electric motors 

III, 

180 

General Electric type “G” 

demand meter 

111, 

419 

General Electric type “11-2” 

demand indicator 

Til, 

409 

General Electric type "1-14" 

A\att-hoiir meter 

111, 

363 

General Elect ric type "M" 

ilcmand meters 

III, 

413 

General Ekvtric type "P" 
demand meters, or 

priiitometers 

111, 

415 

General Electric wntt-hour meters, 
test constant for 1 1 1, 

374 

Generator 

efticieiicy of 

IV, 

200 

elect lical powei 

IV, 

199 

iiiechaiiical power 

IV, 

199 

Generator or motor troubles 

dynaim, fails to generate 

IV, 

231 

heating of armature 

IV, 

219 

heating of bearings 

IV, 

222 

heating of cuiiinmtator and 

brushes TV, 

217 

heating of field magnets 

IV, 

221 

motor starts or fails to 

htart 

IV, 

230 

noisy operation 

IV, 

*'25 

sparking at commutator 

IV, 

210 

speed not right 

IV, 

228 

voltage not right 

IV, 

237 

Gramme ring winding 

II, 

31 

Grid leak 

VI, 

429 

circuits 

VT, 

428 

values 

IV, 

429 

Grounded field coils 

TI, 

102 

Grounds, testing for 

II, 164; VI, 172, 407 

Growler 

II, 78, 172 
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Hcailphonos ami loud- 


speakcra 

vr, 

44.-, 

Hertz roBonator 

VI, 

.rn 

Hot bearing 

n. 

184 

Hut windings 

II. 

18.> 

Hyilraulie plant 

IV, 

42 

Hydroelcetrie iiiacliinery 



. alteriiatora 

IV, 

242 

cutting ill 

IV, 

247 

cutting out 

TV. 

247 

field adjust nicnta 

IV. 

217 

prevention of liuntiiig 

IV. 

218 

htartinguf 

TV, 

2 Hi 

tniiible of 

IV, 

218 

exeiters 

IV, 

249 

fint-coinpounde<i 

IV. 

2 «ir, 

intorprde field eoils 

IV. 

2ri(i 

locating a ground 

TV, 

283 

open circuit in field 



winding 

IV, 

2ii4 

over-coin pounded 

IV, 

2(>({ 

repairing open circuits 

IV, 

281 

repairing sliori circuits 

TV, 

2.’| 

short circuit in field coil 

TV, 

2C,3 

troubles of • 

IV, 

2.-.1 

under-compounded 

TV, 

288 

lightning arresters 

TV, 

;{f»2 

luaiiiteuaiice of 

IV, 

3(18 

operation of 

TV, 

3(ir> 

reconditiSniiig 

IV, 

302 

testing 

IV, 

303 

troubles of 

IV, 

307 

[tlNrer transforiiieif 

IV, 

2(i0 

continuity of service 

TV, 

2Kl 

dryiufipuut 

TV, 

289 

polarity t^ts * 

IV, 

274 

precautions for filling 



• tank 

IV, 

279 

ratio tests 

IV, 

278 

treatment of oil 

IV, 

272 

troubles of 

IV, 

282 

relays 

IV. 

287 

adjusting 

IV, 

299 

testing 

IV, 

293 

troubles of 

IV, 

299 


Nof0j^For page number*, see feet of page. 
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Hydroelectric machinery (coiitinned) 

voltage regulators 

IV, 288 

ojieratiiig instructions 

IV, 288 

troubles of 

IV, 289 

Ilyilrunieter 

vr, 383 

Hysteresis 1, 274 

;II. 289 


I 

IiieaiideHceiit liiiiijiM 


J, 131 i VI 1,34; 

VIJI, 3U 

Iiitlicatiug instnuneiits 


irArsoiival type 

IV, 390 

dynai.ioiueter fytte 

IV, 393 

hot- wire type 

IV, 394 

freipiency indicator 

IV, 397 

groiinil iletcctor 

IV, .199 

iiicliiieil coil type 

IV, 392 

ii.d'ictiiia typo 

IV, 393 

magnetic type 

JV, 393 

]iower factor indicator ■ 

IV, 396 

reconliiig type 

IV, 392 

synchroniKer 

JV, 398 

Tlmihson astatic fyjM' 

TV, .391 

wattmeters 

IV, 39.1 

1 hdicating wattmeter 

IV, 202 

Induction coil 1,170 

;Vl, 314 

coiistniclioii III, l!>8 

;V], 314 

obsolete for wireless 

vr, si.T 

secmida ry HI, 198 ; V 1 , 314 

lull net ion gencratcir 

V, 417 

Induction motor I, 23‘ 

5;V, .391 

polar-wonnd ty|te 

IV, ir,4 

slip-ring type 

IV, inr» 

Hipiirrel'cagc typo 

IV, 148 

Jmlnctinii motor connection din- 

grams 


explanation 

11, 194 

]>o]o-]ihaHe groups 

II, 193 

series-pa ra llel sta rt ing 

TI, 217 

standard 

IT, 193 

st.ir-ilelta starting 

IT, 21.3 

Hl;iititig coniicctions 

II, 210 

tlirce'jihaso 2'pole 

IT, 194 

three-phase 4'polo 

11, 198 

threo-phaso 6-pole 

JI, 198 

three-phase 8-polo 

II, 210 

two-phaso 8 -pole 

II, 202 
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Induction motor ccMitrollera 


aquirrcl-coge motora 

HI, 

123 

wound'Totor motors 
Induction motor design 

III, 

136 

back o.m.f. 

II, 360, 373 

characteristics 

n, 

357 

design of f ruiues 

n, 

381 

distribution 'of flux 

n, 

371 

hand starting 

n. 

aai 

losses 

II, 366, 

,377 

niiignetizing current 

II, 363, 

,374 

main wirding 

11,362, 373 

secondary winding 

II, 365, 

,377 

sinusoidal distribution of 


ilux 

11, 

358 

split-phase starting 

11. 

311 

starting winding 

II, 365, 375 

Induction watt-hour mdtors 



eoiiipensatiug device 

III, 

359 

(ieiicral Kleetrie typo *‘1-14'* 


watt-hour meter 

III, 

363 

light-load adjustment 

III, 

359 

operating principle 

HI, 

3.16 

Bang:iino type II inoters 

in, 

339 

speed control 
WestinghoUHc type “OA" 

III, 

339 

meter 

III, 

36) 

Industrial controllers 

VIII, 

243 

alternating-current 

ITT, 

63 

direct-motor 

III, 

n 

hand starters 

III, 

66 

motor starters 

HI, 

13 

speed regult^tors 

111,23, 97 

types 

III, 

29 

Instrument calibration 

III, 

312 

Iiistriiiiieiit checking 

III, 

318 

Insulating coils 
lusiiluting materials 

n. 

81 

cotton tape 

n, 

6.5 

insuhited wire 

n. 

05 

linen tape 

n, 

65 

piipcr and fibres 

n, 

6.5 

varnished cloth 

n. 

65 

Insulation T, 27, 493 ; 



V, 180, 310, 447 ; VTTT, 80, 101 
Jimulation rcaiatniirc 


TV, 188; VII r, 348 

Kate. — For fHtfe nvmhrro, oer font «/ j/Offr. 
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Inaulatora VI, 405 ; VII, 438 ; 


VIII, 148, 397, 399 


Juternutional units 

nt, 

2.52 

Interrupters 

ni, 

500 

Iron-losses 

ni, 

482 


Jacks 

VI, 373, 440 

Jointing of cables 

Vlir,88,167 

Joints 

I,271;VIIT, 28.5 

Joulo 

III, 253 


K 

Kelvin bahuico 

III, 274 

Kilowatt hour 

111, 325 


Lancashire boiler 

IV, 

19 

Lap winding 

11, 

66 

Lap welding 

IV, 

499 

Lead storage batteries 

1, 427, 499 

Lifting magnet 

III, 

489 

Lightning arresters 

IV, 302, 423 ; V, 496 ; VI, 406 ; 


VIII, 69, 88, 130, 180, 184, 



320, 327 

,371 

Line construction 

VIII, 42, 

,143,178 

,186 

Line insulators 

VIII, 

52 

Lockout switches 

III, 

43 

Loudspeakers 

VI, 

445 

M 

Magnetic circuit I, ! 

270; 11,- 

*223 

coil construction 

III, 

443 

effect of iron in magnetic 


circuit • 

HI, 

442 

flux 

III, 

437 

flux density 

III, 

440 

law' of magnetic circuit 

III, 

433 

m:ignetic intensity 

III, 

440 

inugnctoniotivc force 

III, 

436 

perinenbility 

III, 

438 

reluctance 

III, 

435 

simple inugnetic circuit 

III, 

441 

winding calculation 

nr. 

447 
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Majestic Model “70’'radio 


set 

vr. 

502 

Motor stiirtera 



heavy duty 

11 r, 

20 

mounting 

iir, 

10 

resistor used in 

IIT, 

18 

select itig 

111. 

21 

stundurdizutinii rules fur 

iir, 

10 

starting period 

III, 

20 

troubles 

III. 



N 


Nil tore's wireless 

VT, 283 

Neill niilyiic receivers 

M, 4t2 

Nun iiietiillic sheathed cahli 

(• 

uunuections 

VI. 

installation 

VI. 

lines 

VI, 72 

0 

(lliiii'sltiw 1,04,79; 111,2 

:.0;V, 24 

Oil breaker switches 

V, 4H4 

Oil circuit-breakers 

IV, 404; 

VI rr, 308 

Oil swjtelic8 

IV, 07 

Oil-cooled traiisfonners * 

IV, ."1 

Oscillation discharge 

VI, 2!»0 

danipiiig 

VI, 2!0 

dci'rcmcnt of damping 

VI. 29.-I 

oscilbitinn circuit 

VI, 292 

oscillation constant 

vr, 298 

oscillation frcrpiciicy 

VI. 293 

•oscillatory discharjrc 
reliance 

VI, MM 

VI, 296 

spark gap 

VI, 298 


Poly^ase circuits 

pou or factor of 1 1 Ii 342 

three-phase circuits TTI, 33J 

two-phase circuits 111, 331 

variations for 1H< 3i31 

Polyphase oIcctroiii.'iKUcts III, 'IS4 
Polyijliase iinluction motors 
care and maintenance I II| 1 80 


A'ete^For puj/f nuntbrrt. Mvr fool of fiagr. 


Vol Page 

Polyphase induction motors (cont'd) 


connecting coils 
eunnectiug pole-jihase 

ir, 

156 

groujis 

H. 

157 

grounds 

Ill, 

188 

inserting coils in slots 

n, 

151 

insulating coru 

II. 

1.50 

open circuit 

Ill, 

193 

operating instructions 

iir. 

183 

operating troubles 

Ill, 

203 

rcicised coil 

iir. 

197 

revi’rscd ph:ise 

HI, 

100 

rciiTtiiNl jiole phase group 
slim t circuit of a complete 

HI, 

198 

coil 

irr. 

190 

short ( ircuit within a coil 
short-circuited pole-phase 

III, 

188 

group 

in. 

190 

troiihles 

Ill, 

204 

types of windings 

n, 

14!t 

winding defecis 
w rung cmiiiectioiis for u 

jij, 

J86 

given voltage 

I IT, 

201 

wrong grouping 
wioiig speed and iiniiiber 

III, 

200 

of pfdcs 

m, 

202 

Port.iino elci tromngiictH 

HI, 

455 

Poleiitioincter 

Ilf, 

314 

Power factor meters 

Power stations 

HI, 

286 

buildings 

TV, 

82 

electric, plant 

IV, 

48 

factors in design 

IV,' 

17 

gas |dant 

IV, 

46 

hydra iilii* ]ilaiit 

IV, 

41 

lociit ion 

IV, 

12 

select ion of system 

IV, 

15 

steam plant 

IV, 

18 

siilwtations 

IV, 

78 

switchboanls IV, 57, 

,311 

Porti r units 

VI, 

379 

( ill'll its for 

VI. 

480 

classification of 

VI, 

479 

filter circuit 

VI, 

474 

jiowcr transformer 

VI. 

474 

rectifier units 

VI, 

474 

voltage divider circuit 

VI, 

476 
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Primary indui'tion coiIh 

Vol. 

Ill, 

Page 

494 

l*riuting-prc8s uoiilrollLTH 

Til, 

90 

PrintonictcFB 

III, 

415 

R 

RudioiU'tivity 

I. 

187 

Kadiotclofrrnphy 

I. 

100 

Rail bonds 

VITI, 

412 

Rail jointN 

VTTI, 

285 

R;u1h 

VTll, 

282 

Railway motors 

1. 

395 

Raytheon *'Lir' tube 

VI, 

488 

Rciictanoe 

VI, 

319 

lt(>(‘haiKiii(; l)at1i‘ry 

VI, 

385 

Ruftitier tubes 

VI, 

409 

Rectifier units 

VI, 

474 

RepulHion-iiiiiuetKiii motors 

rr, :ii: 

-IV, 

159 

neuernl Kleetrio 

HI, 

180 

Century 

TIT, 

109 

WjIffllOT 

nr. 

170 

Residual niaj'iietism 

403 

Resistniu'u boxes 

in. 

290 

Kesistanee measurenieiit 
battery resist aiioe 

nr. 

30!) 

iiiHulntiou resistanee 

HI. 

301 

locating faults or grounds ITT, 

300 

resistance of conductors 

Tir, 

289 

size of coiuluctors 

HI, 

287 

teniperature eoefTicieiit 

in, 

287 

Rcteiitivity 

11. 

447 

Reversed connections, testing 

for ' ir, 

175 

Right-hand riilo 

11. 

13 

Ring aniiatiire 

TT, 31, 57 

Rockers and rocker arms 

II. 

53 

Rotor coils 

IT, 

136 


Series booster 

I, 511 

Series circuits 

1, 82; VII, 201 

Series generator 

1, 289, 392 

Series motor 

1, 224. 392 

Series transformer V, 306 ; VIII, 110 

Shield grid tube 

VI, 471 


Nutej—For page numbtrt, »ef /oot of page. 
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Shielding 

VI, 

372 

Short circuits VI, 4 1 7 

Short-wave receivers 

; viir. 

344 

four-tube sliort-wavc 

VI, 

541 

thrcc-tubo a.e. 

vi, 

541 

three-tube (l.e. 

VI, 

540 

Shunt booster 

1, 

510 

Shunt generator I, : 

290, 351 

!, 392 

Shunt motor 

I. 

345 

Signal systems 

vTir, 

424 

bunk holil-up systems 

VI. 

249 

burglar-a la rm systems 

vr, 

217 

care and repair 

VI, 

251 

fire-alariu systems 

VI, 

238 

Single-phase mottirs, winding 


connecting wimlitig 

11, 

u«; 

conMe(|ueiit poles 

II, 

HS 

forming coil 

n. 

140 

hand winding 

II, 

1 15 

insulating the core 

11, 

140 

skein coil binding 

11, 

Ml 

Hjilit-phaso winding 
Speed regulators 

n, 

138 

armature-resistanee 

III, 

24 

compound motor starter 

Til, 

27 

shunt field resistanee 

TTl, 

26 

types 

HI, 

23 

widespecfl variation 
Splicing wires and rabies 

HI, 

27 

cable splices 

VT, 

IM 

general ipistruct'ioiis 

VI, 

K) 

iiisulntion 

VI, 

20 

sleeve joint 

VI, 

19 

solid wires 

VI, 

16 

Spot welding 

IV, 


Squirrel-cage induetioii motor 


control 



autotTaiisfoTnier or com- 



pensator 

HI, 

125 

direct neross-the-line 

HI,' 

132 

resistors in series with stator 


windings 

III, 

123 

star-delta method 
straight step-down trans- 

III, 

131 

foriiier 

III, 

124 

Steam plants 



boilers 

IV, 

18 
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IV, 34 
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IV, 403 

htjvmi turbines 

IV, .315 

control 

IV, 412 
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diseoniieetiii^' 

IV, 412 

tinn Vnr, 133-482 

elect rieally-n]>erated 

IV, 403 

of 

Vm, 4.3,3 

field 

IV, 403 

f.'irtois nffertiii); 

VI IT, 4.38 

plain knife 

IV, 401 

jiriiK'ipled of 

VfTI, 4.3.3 

ipiiek break 

IV, 402 

systfins usi'il in 

VI IT, 43.3 

starting 

IV, 403 

t\ iiioal iii.st:in:itiiiii.s 

YllI, 418 

SyiudironiniH converters wirint; 

Stor.JCL* bat teries I. ] 47. 4 1 ri-.'i.“i2 

roiiiuvtioiis 

JV, 121 

(■oiiiiiiiMi‘i;iI a]i|ili(-atiiiiiH 

1, filO 

H\\ itching; of 

IV, 12.') 

If.'dI b:ittt'rifH 

J, 427 

uses 

IV, 121 

unii-Io:iil batteries 

I, 4!»1 

rnlla}re ndatioiiN in 

JV, J21 

lostiiig 

I, .300 

SynchriiiioiiH ijiotors 


tlHMiiy and priiieiploH 

J, 41.3 

iiiHlallatioii 

III, 217 

uses of 

T, It!) 

niethnds of cont rol 

111, 21!) 



i.pcrat ill;' iiLst ructions 

1 1 1, 23.3 

S|ifiiij|u'r};-( arlnoii *‘(S3.‘i" lailai 

speed 

IV, 105 

set 

Vr, .'>08 

startiii;' 

JV, 10.3 

Sufu'i'lietorodyiu' t roubles 

VI, IJ2 

tritiililes 

J IT, 23.”. 

Suitidiboards 


uses of 

IV, 10.5 

ail eiimit bionkors 

TV, 41.3 



alteriiatiiifj-euiTont >v iteli- 

ft* 


lioaidfl 

IV, .34!) 

1 


ba 1 1 e rj^K n i t eh 1 loa n 1 s 

JV, 344 

T.'udiniueler 

IV, lOO 

in eontral Htatioiis ' 

IV, 

'raiiKctil K'dvaiiotiieler 

III, 202 

ilirect-curroiit awiteli- 


'JVIe{;rapli and tcdeplionc 


boards 

JV, 31!) 

interference VIII, 424, 470 

framework 

IV, 317 

Teiiuiiials 

vr, .59 

fuses 

IV. 424 

're.Mla 1 oil 

III, .503 

iiidieating iiistruiiieiits 

IV, 3!)() 

'riierniinnic rectifier f uIm* 

IV, 470 

iiisl ruinent transforiiier.H 

JV. 3!»i) 

Th ird ra i 1 eoiisl ruction V 1 1 1 , 4 1 1 , 463 

■ lif;hlin^ boards 

I V, .320 

Tlionison inclined-coil 


itfelitiiing urrcHters 

IV, 42.” 

jiietors 

IIT, 272 

li^rfitiiiiif; jiroteotinii 

IV, .381 

Tlioinson astatic aniineter 

IIT, 270 

nicc'haifieal features 

IV, 312 

Tbree-pliaae tra nsformers 

V, 298 

ininiiif; swUchboiirds 

IV, .3.30 

Three plinsc traiismissiun 


n^iseel la neons tittiii|rH 

IV, 42') 

vrii. 

32, 387, 389 

oil cireiiit breakers 

IV, 404 

Tbree-wny sw itches 

vr, 80 

panels 

IV, 317 

Tiuie-Iimit starters 

III, .37 

railway switeliboards IV, 338, 374 

'I'raclivo electromagnets 

III, 4.55 

relays 

TV, 418 

Transformers 1| 241 ; TV, .* 12 ; 

Bwitehes 

IV, 401 

V, 241; VI, 3 1.3, 437; 

vni, no 

trausmiraion system 

IV, 379 

autotraiisformcr 

vr, 318 

troubles 

IV, 433 

e.lortcd-core 

VJ, 310 

watt-hour meters for 

IV, 388 

coefficient of inductance 

II, 458 

Xoif. — For page numbero, »te foot of page. 
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H, 

r,32 

coat of operation 

n, 

.■,.34 

cniintcr-eloctroinotivo forre JI, 

43.3 

rlufinition 

II. 

444 

(liatributioii of Ionbch 

n. 

512 

eflicieney 

JI, 

512 

ilnx density 

II, 

534 

iinpcdnncc 

VI, 

310 

indiiood purront 

1 1, 

448 

indiu'od prcasiire equation 

II, 

450 

indurtior poil 

VI, 

314 

left-hand rule 

II, 

453 

luBries 

TI, 

4G3 

inngnctio conduetivity 

Tl, 

440 

magnetic iiidiietinn 

II, 

448 

magnet ie lenkage 

11. 

461 

iiiagnetie linea of force 

ir. 

446 

open* and rlnaed-i’orc 

ir. 

402 

operation 

ii. 

459 

OHcIllalion 

VI, 

318 

power eflieieney 

IT, 

466 

practieui design 

1 1, 

460 

principle of 

vr, 

313 

rencta iice 

vr, 

310 

rctentivity 

II, 

4*7 

right-hand rule 

ir. 

4*0 

sheli and core types 

JI, 

462 

use 

II, 

443 

Tubes 



nlteriiating-ciirrent 

VT, 

464 

characterist ics V F, 4:20, 4ti0 

determining value of grid 



biasing resistor 

vr, 

400 

direct-current 

VT. 

403 

rectifier 

VI, 

400 

renewing 

vr, 

417 

shield grid 

vr, 

471 

short eireiiits 

VI, 

417 

testing 

VI, 

413 

v:icnum tube 

•VI, 

453 

ventilation of 

VI, 

472 

voltago 

VT, 

415 

Tuning circuit 

VI, 

431 

Two-speaker installation 

VI, 

447 

Two-stage short-ware con- 



verter 

VI, 

544 

Note. — For page numbers, ore foot of 
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VIII, 

300 

I'nilcrgronnd dist ributiuii 



f'onst ruction 

VTir, 

153 

Universal iiiotois 

II, 

310 

operating instructions 

III, 

140 

repairing animtiirc coils 

III, 

158 

repairing com mutator 

TIT, 

io:i 

repairing f.niiltB due to 



grounds 

III, 

165 

repairing field windings 

11 r. 

100 

repairing open circuits 

in, 

160 

repairing short circuits 

III, 

150 

troubles 

III, 

150 

trning-iij, coinniutator 

III, 

149 

V 



Vacuiiin tubes 

VI, 

453 

Vn riable eondensors 

VI, 

300 

Korda type 

VI, 

307 

simple type 

VI, 

300 

Vertic.'il switchboards 

VI, 

332 

Vibrator-eiml rolled generator 1 1, 

431 

Voltage 1 , 124 ; V FT, 34, 5S, 50 ; 


‘ VIll, 

13, 241, 390 

Voltage regulation T, 291, 293, 


290, 297.301; 11, 433; 


Vrr, 223; VI IT, 17, 122,324 

Voltmeter 1, 62; 111, 268; 


rV,19LJ; 

VITt, 

124 

Voltmeter coinpeiisutor 

V, 

404 
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Wagner electric motors 



••BA” nnd “R.V' 

"irr. 

176 

locating troul>les , 

TII, 

180 

upernting instiuetioiis 

HI.. 

176 

reversing direction of rota- 


tion 

Ill, 

179 

troubles of “BK” 

in, 

177 

Water box for testing goner* 


ators 

IV, 

104 

Water-tube boilers 

IV, 

20 

Water turbines 

IV, 

42 

Water-cooled transformers 

IV, 

65 
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T. 

239 

coinuiiitutur tvpc 

Ill, 

344 

induction IIT, S.’iO 

; IV, 

38!) 

merciiry 111, 3.'»1 

; IV, 

3*iS 

111 iscel In neoiiH f on t ii rra 

III, 

31*1 1 

records 

Jir, 

3!>0 

toMting 

irr. 

3i>!) 

Thonisoii 

IV, 

38S 

Wave lengths \ 

1,‘JSd, 

coniinerciul 

VI, 

32!) 

of other vibrations 

vr, 

321 

Wave trap 

't, 

132 

Wave winding 

H. 

r.7 

Waves 



d4'tei‘tion of 

vr. 

281 

cli'i'lroMingnetic! 

vr. 

320 

naturo of 

vr, 

287 

Wehling 



appIicatioiiH to mniiiifac 



tiirc 

IV, 

."00 

arc'Weldiitg iiroccas<‘s 

IV. 

4t(: 

boilers and tanks 

IV, 

171 

bra/iiigaiul soldering 

>v. 

lit 

butt seam avoiding 

JV, 

4!)!l 

butt welding 

IV, 

4!i.S 

castings* 

IV, 

4d!l 

copper and aliiniinnm 

IV, 

470 

cost 

IV, 

483 

cross welding 

IV, 

oOl 

electric* niiiicaliiig 

IV, 

oOl 

electric brii^,iiig 

rv. 

r»oi 

elertrii* riveting 

IV, 

302 

electric-are cutting 

IV, 

480 

;glw*trie-jirc weliliii|f 

', -I *•" 

,.•19 

elertro-percussive process 

TV, 

.•|04 

gns w’eldiiig 

TV, 

444 

bardojiiij^ and tomjiering 

IV. 

.302 

^mp welding 

TV, 

.301 

laiL welding 

IV, 

499 

niaeliitic parts 

IV, 

47.3 

plate welding 

IV, 

407 

riveting 

TV, 

443 

smith welding 

IV, 

444 

spot welding 

IV, 

498 

strength of w'eld 

TV, 

480 

toe welding 

IV, 

300 

thermit welding 

JV, 

444 


Kote^ — For pane nvmhen, gre foot a/ paffe. 


Vftl. Page 

WVWinjf (continued) 


upsetting 

TV. 

.301 

Wheat sf one bridge T, 128; ITI, 

292 

Wiii.ling altcniatiiig-eiirieiit gen- 


i rafors 

II. 

100 

Winding iiii'diiiin'SixiHl armatures 


baiiiling ariiiaturo 

II, 

90 

eonnectiag coils 

II. 

8!) 

dipping a r mat lire 

II, 

89 

insulating coils 

H, 

81 

itiMiilafingeon* 

II, 

8.", 

standard ratings 

ir, 

HI 

taping coils 

ri. 

K\ 

winding annnliiie 

Wiiiiliiig ]Milypbasc induction 
motors 

II. 

87 

iMiiinci’ting coils 
connecting polc-)ihas<* 

II, 


groups 

ir. 

1.37 

insciting coils in slots 

II, 

1.31 

iiisid.it mg cnic 

II. 

1.31) 

t\|»es of windings 

W Hiding single [diasi* motors 

ir, 

149 

connect iiig winding 

II, 

no 

ci,nM*(|Ui‘nt poles 

II, 

1 48 

foniiing coil 

N, 

140 

hainl winding 

ir. 

113 

insulating the core 

II, 

140 

skein coil winding 

ir, 

III 

split-phase w'inding 
Winding small nriiiatures 

11. 

138 


f'onnectiii;; winiliiifr to cfiiii 
iiiiit.'itor 

iiisul.'itiiig the core 

tfxtintf 

win* 

winding cniJa in Hlota 
WindingH, repuiring 
cost 

rcciinnccling uindinga 
ri'Cfirrltngdnta 
replucing tcfoctivecoila 
Winding, tenting 
for grounda 

for reverHod connect ions 
for short circuits 
for wrong connections 


ir, 7y 
1 r, 70 
II, 74 
ir, fi'l 

II, 71 

ir, 187 
ir, 1H8 

IJ, ISO 
ir, IS,-! 

ir, 104 

ir, i7o 
ir, ion 
1 r. 183 
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Wires in flexible steel conduit 


box hungers 

vr, 


cutting conduit 

vr, 

64 

double-strip conduit 

VI, 

63 

drawing and connecting 

VI. 

70 

exposed cable 
nou-inctallic sheathed 

VI, 

71 

cable 

VI, 

72 

precautions 

VI, 

04 

Tcquireinents 

VI, 

63 

single-strip conduit 
stcol-iirniorcd flexible 

vr. 

63 

cable 

vr, 

no 

testing 

Wires in metal molding 

VI, 

71 

cutout cabinet 

VI, 

43 

installing outlets and canopy 


bases 

vr, 

41 

how used 

vr. 

38 

ovaliliict conduit 

VI. 

43 

styles of iiictal molding 

vr. 

39 

supports 

vr, 

39 

switches 

Wires in rigid conduit 
a Iter nat i ng-cur rent sy s 

VI. 

43 

tcnis 

VI, 

57 

bending conduit 

VI. 

47 

concealed W’ork 

VI, 

61 

cutting conduit 

vr, 

50 

drawing in conductors 

VI. 

5f, 

.Vnfi'. — For fiage numbrrH, wf 
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Wires in rigid conduit (continued) 


fittings 

vr, 

4." 

metal tubing 

vr, 

‘I-" 

rubber insulation 

VI, 

51 

slow-biiraing insulation 

VI. 

5l» 

standard material 

vr. 

01 

terminals 

VI, 

59 

when to install conduit 

vr, 

55 

Wires in wood molding 



beam ceilings 

VI, 

37 

conductors 

vr, 

30 

disadvantages 

vr. 

35 

Wiring installations 



estimating costs in existing 


buildings 

vr. 

140 

estimating costs in flat 



building 

vr. 

V2H 

estimating cf>8ts in indus- 



trial buildings 

vr. 

115 

industrial powerinstalln- 



tioiiB 

vr, 

88 

laying out work 

VI, 

86 

Tcsponsibility for planning VT, 

85 

use of tables 

vr, 

8!) 

W'iring plans, symbols for 

VI, 

86 

Wiring sw'^tches 



master switches 

VI, 

8.t 

push-button switches 

VI, 

70 

three- w:iy switches 

vr. 

80 

Weiring troubles 

VI, 

440 
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